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ABSTRACT 
Background: Weight loss is commonly found in Chronic Obstructive Pulmonary 
Disease (COPD) patients and may be accompanied by energy imbalance. 
Objectives: The purposes of the our study were to; 
1) Survey the nutritional status in COPD patients. 
2) Survey the nutrient intake in COPD patients. 
3) Survey the changes in components of energy expenditure, including resting 
energy expenditure (REE), diet-induced thermogenesis (DIT), and total daily 
energy expenditure (TEE). 
4) Identify clinical indicators in COPD patients at risk of malnutrition. 
Study design : Our study was divided into two parts. 
In Part A, fifty-seven COPD patients aged 73 ± 7 participated in a dietary and 
anthropometry survey. A Mini Nutritional Assessment Questionnaire and 24-hrs 
dietary recalls were used to determine the nutrition status in these patients. The 
anthropometry of COPD patients was measured. 
In Part B, twelve female COPD patients and seven healthy controls participated in 
the measurement of REE and DIT by indirect calorimetry, and TEE by labeled 
bicarbonate method. 
Results'. COPD patients had significantly lower body mass index (BMI) and fat mass 
(FM) when compared with Hong Kong healthy elderly. Lower caloric intake was also 
found in COPD patients when compared with Hong Kong healthy elderly. Although 
i i 
they had sufficient carbohydrate and protein intake, fat intake was low in these 
patients which accounted for a lower caloric intake. 
There was no increase in REE, DIT, TEE and PAL in COPD patients undergoing 
rehabilitation program. 
Conclusions'. Underweight is common among COPD patients. About 30% of them 
were underweight (BMI < 18.5 kg/m ). Weight loss was accompanied by the loss of 
fat mass (FM) rather than fat-free mass (FFM) in COPD patients. Lower caloric 
intake was also found in COPD patients, especially fat intake, but they did not have 
an increase in energy expenditure. So the energy imbalance and weight loss in COPD 
patients were predominantly caused by the decrease in dietary intake rather than the 
increase in energy expenditure. [HCO3"] or PaCOi may be a useful clinical indicator 
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1. BACKGROUND 
Chapter 1; Age-Associated Changes in Nutritional Status in the 
Elderly 
The proportion of the population older than 65 year old is increasing, and this aging 
of the Hong Kong population gives rise to many age-associated problems and 
diseases for which nutritional status may play a contributory role. Since chronic 
obstructive pulmonary disease (COPD) occurs predominantly in the older age group, 
the age-related changes in the nutritional status, energy expenditure in the elderly in 
general, and in patients with COPD, will be reviewed. 
1.1. Body Composition 
Generally, as one passes through the life span, there is a gradual but persistent 
increase in body mass and percentage of body fat from the second to the seventh 
decade of life in both men and women. Over the age of 70 years, both lean body mass 
and body fat decline in association with a decline in body mass. Also, body fat is 
shifted from the lower body distribution to the abdominal distribution with aging 
[Morley, 1997]. The age-related loss in skeletal muscle mass is known as sarcopenia. 
Increase in adiposity is a risk factor for cardiovascular disease, while loss of muscle 
tissue may contribute to the age-related decline in functional independence [Goran 
and Poehlman, 1992]. The loss of muscle mass is due to a decrease in muscle fiber 
area as well as a decrease in the total number of muscle fibers [Evans and Campbell, 
1993]. In addition, muscle strength decreases with advancing age [Evans and 
Campbell, 1993]. These age-related changes in muscle, such as mass, strength, 
endurance and glycogen content, may be due to the reduction of physical activity in 
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aged-people. Beside the change of body composition in the elderly, there are also 
some age-associated physiologic changes in the elderly during aging process that 
result in increased physical immobility, risk of illness, chance of malnutrition, weight 
loss，morbidity and mortality. These changes must be taken into account in 
preventing morbidity with aging. 
1.2. Nutr i t ional Requirements 
Adequate nutritional status is a necessary component of health. Malnutrition will 
result in weight loss and increased risk of infection, negative changes in pulmonary 
function, delayed wound healing, negative changes in cardiac functioning, and 
increased morbidity and mortality [Chapman et al, 1996]. The elderly is one of the at-
risk groups to develop malnutrition due to a number of age-associated changes, and 
weight loss is frequently reported by the elderly. It can result in declining 
physiological and psychosocial conditions in the older individuals. People aged 65 
and above represent a very heterogeneous population group, in which they have 
different eating habits, dietary customs, food preferences, chronological and 
physiological ages [Sone, 1995]. So the Recommended Dietary Allowances (RDAs) 
for these age groups should allow for maintenance of optimal physiological functions 
and prevention of age-related diseases and disorders. Since diseases, drugs and 
variation in individual rates of change in physiological function can affect optimal 
nutrient intake, an alternative formula to individualize the determination of RDAs for 
elderly is employed. Such formula is based on the surveys of nutritional requirements 
for "dynamic" as well as "housebound and bedridden" elderly people [Sone, 1995]. 
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1.2.1. Energy requirement in the elderly 
Energy requirement in the elderly may be defined as "the level of energy intake from 
food that will balance energy expenditure for a particular body size and composition, 
and level of physical activity, consistent with long-term good health; and that will 
allow for the maintenance of economically necessary and socially desirable physical 
activity" [Sone, 1995]. In general, energy requirements in the elderly decline with age 
in association with a loss of lean body mass [Ravussin and Bogardus, 1989; Roberts 
et al., 1995] and decrease in physical activity [Roberts et al，1995]. The average daily 
energy requirements in the elderly is approximately 1.7 x basal metabolic rate 
(BMR). This value of BMR can be affected by several factors, including familial and 
genetic factors, nutritional, metabolic, and disease conditions, and gender and body 
composition [Ravussin and Bogardus, 1989]. 
1.2.2, Protein requirement in the elderly 
Protein requirement in the elderly can be defined as "the lowest level of dietary 
protein requirement to balance the losses of nitrogen from the body in person 
maintaining energy balance at modest levels of physical activity" [Sone, 1995]. The 
protein and amino acid requirement do not decline per unit of body weight in older 
individual, which means that protein requirements for the elderly ranges from 0.59-
0.85 g/kg body weight [Sone, 1995]. The safe protein intake for the elderly 
recommended by World Health Department (WHO) is 0.8 g/kg body weight per day. 
Protein-energy malnutrition is frequently reported by hospitalized older people. It 
results in CD4+T cell lymphopenia, which is associated with unusual infections and 
poor responsiveness of typical infections to antibodies [Morley, 1997]. 
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1.2.3. Vitamin and minerals requirements in the elderly 
In general, vitamin and mineral requirements decline with increasing age because of 
decreased caloric and protein intakes. However, the requirements of some 
micronutrient are increased, for examples, vitamin D, vitamin Be, and vitamin B12 
[Sone, 1995]. The increase in vitamin D requirement is due to the lower levels of the 
active form of vitamin D (1,25-dihydroxy vitamin D) in older individual than in the 
young, and the lower level of plasma 25-hydrolyvitamin D in the elderly [Sone, 
1995]. In addition, the decreased ability to form previtamin D3 in skin upon 
ultraviolet light exposure and the decreased synthesis of 1,25-dihydroxyvitamin D by 
the kidney following parathyroid hormone stimulation in the elderly also increase the 
demand of vitamin D intake [Sone, 1995]. On the other hand, requirement of 
riboflavin in the elderly is the same as for the younger and age groups. 
1.3. Food Intake 
A decrease in food intake is frequently reported by the elderly [Ravussin and 
Bogardus, 1989]. The food intake declines linearly from 20 to 80 year in both men 
and women [Morley, 1997]. As a result, there is a negative energy balance, and this 
may contribute to the weight loss in the elderly. This can increase the risk of 
nutrition-related illness. The causes of the decrease in food intake include 




The main cause of reduction of food intake is the change in control of food intake, 
which results in the development of physiologic anorexia of aging by altering 
hormonal and neurotransmitter regulation of food intake. Other changes such as 
sensory impairment, change in palatability, and reduction in basal metabolic rate may 
also cause reduction of food intake in the elderly [Sone, 1995]. 
The regulation of food ingestion in human is an extremely complicated process with 
multiple fail-safe mechanisms. But simplistically, food intake is regulated by a 
central feeding drive that is held in check by a peripheral satiation system. The 
central feeding system receives further feedback from peripheral fat cell signals 
(leptin), absorbed nutrients, and circulating hormones [Morley, 1997]. However, 
alternations of this system occur at multiple levels with aging, which result in the 
physiologic anorexia of aging and lead to the reduction of food intake in older 
people. For example, an older individual tends to be less hungry than the young after 
an overnight fast, and older persons have a greater degree of satiation than the young 
after a standard meal. Delayed gastric emptying time with advancing age contribute 
to these changes in hunger with aging [Morley, 1997]. The increase in satiation in the 
elderly is not mainly caused by appetitive regulatory signals or response to absorbed 
nutrients in the small intestine, but rather by alterations in signals arising from the 
stomach. In addition, food tends to pass more rapidly from the fundus into the antrum 
in older individuals, and is retained longer in the antrum, leading to earlier and 
greater degrees of antral distention. This leads to an earlier satiation and slower 
gastric emptying rate in the elderly [Morley, 1997]. Beside these, several other 
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factors have been suggested to be involved in the physiologic anorexia of aging such 
as nitric oxide (NO), opioid feeding drive, amylin, sex hormones (eg. testosterone 
and estrogen), and cholecystokinin. 
Nitric oxide (NO) is one of the factors involved in the regulation of food intake both 
at a central and a peripheral site of the system. In the peripheral site, nitric oxide is 
responsible for both receptive and adaptive relaxations of the fundus of the stomach 
to food, allowing greater dilation of the fundus and let it act as a reservoir for food 
before the food is passed along to the antrum. In addition, nitric oxide also delays 
gastric emptying time by altering pyloric tone and producing fundic dilation. 
However, the amount of messenger RNA for nitric oxide synthase in older 
individuals decrease with aging. This leads to the reduction of fundic nitric oxide, 
resulting in the decrease in adaptive relaxation in fundus, which enhances the passing 
of food from fundus into the antrum and causes longer retention of food in the 
antrum，resulting in earlier feeling of satiation in the elderly [Morley, 1997]. 
The opioid feeding drive is mediated predominantly by dynorphin, which is the 
endogenous ligand for the K receptor that plays an important role in driving fat intake 
in animals and humans. With aging, the decrease in opioid receptors may decrease its 
effectiveness and is associated with decreased intake of food with high fat content, 
especially in males. In addition, the decrease in food intake in the elderly is related to 
a decrease in fat ingestion as the decrease in fat intake (-55% decrease) is more than 
the decrease in carbohydrate intake (-40% decrease) [Morley, 1997]. The decline in 
the opioid feeding drive may also play a role in the development of the physiologic 
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anorexia of aging. Endogenous opioid may also mediate the pleasurable response to 
sweets and sweet consumption does not decline with aging and may even increase 
[Morley, 1997]. 
Amylin is another factor involved in the development of the physiologic anorexia of 
aging. It is a hormone cosecreted with insulin from the islets of Langerhans and the 
concentration of amylin increases from middle to old age. Since amylin is an 
anorectic agent which works both centrally and peripherally on the regulation of food 
ingestion and delays the gastric emptying time, the increase in circulating 
concentrations of amylin may contribute to the development of the physiologic 
anorexia of aging [Morley, 1997]. 
Sex hormones may also play a role in the regulation of food intake. For example, 
testosterone can increase food intake. The decline in testosterone concentrations with 
aging may decrease food intake in older people. Conversely, estrogen may decrease 
food intake. So the decrease in estrogen at the time of menopause may partially 
explain the lesser decreases in energy intake in females [Morley, 1997]. 
Cholecystokinin is also a prototypic satiating hormone and its concentration was 
been shown to increase in older people. However, one study showed that this is only 
increased in anorectic older persons and the cholecystokinin concentrations returns to 
those found in the young after weight is restored to normal [Morley, 1997]. 
8 
Besides the physiologic anorexia of aging, sensory impairment, including decrease 
sensitivities towards taste and smell, leading to lack of appetite in the elderly may 
also be a cause of low food intake in the elderly. Sensitivity of taste and smell 
declines progressively with age accompanied by the following physical changes: 
decreased taste buds, decreased papilla on tongue, decrease in taste and smell nerve 
endings, and change in taste and smell threshold [Sone, 1995]. In general, aging is 
associated with an increase in taste thresholds, with sweet taste being less affected 
than other modalities. The order of taste threshold increases with aging is salt > bitter 
> glutamate > acid > amino acids > sweeteners. Suprathreshold intensities are 
reduced for several tastes, with sweeteners declining an average of 48% [Morley, 
1997]. And also, older persons are more likely to have localized taste losses and are 
less capable of identifying different compounds. The hedonic qualities of food are 
less influenced by fat content than by sugar and salt contents in the elderly than in the 
young. This results in the decrease in total fat intake with aging [Morley, 1997]. On 
the other hand, the sensitivity of smell also progressively declines with age. 
Threshold losses of multiple odorants have been reported in aging and suprathreshold 
losses, including those of trigeminal stimulants, occur in the elderly. Since many 
older people rate flavor as the most important determinant of their food choice, 
olfactory dysfunction can lead to less interest in food-related activities and a greater 
intake of sweets. So the decline in the hedonic qualities of food with aging is more 
influenced by the alternations in olfaction rather than in taste [Morley, 1997]. 
In addition, the energy demand in the elderly is reduced because of a decrease in 
basal metabolic rate and a decrease in physical activity [Klausen et al., 1997; 
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Poehlman et al. 1991; Ravussin and Bogardus, 1989; Roberts et al., 1995; Vaughan 
et al., 1991]. It may partially explain the decrease in food intake in the elderly 
[Vaughan et al., 1991]. 
L3.2, Social factors 
Poverty may be a major social cause of low food intake in the elderly. In addition, 
social isolation is correlated with reduced food intake in the elderly. In other words, 
these older individuals may undertake a semistarvation regimen. These studies 
highlighted the importance of socialization in food intake. Abuse of the occurs in up 
to 5% of the elderly and result in anorexia secondary to distress, food deprivation 
may deliberate by the caregiver [Morley, 1997]. Lack of help with shopping, food 
preparation and eating is also an important factor to reduce food intake in elderly 
[Morley, 1997; Sone, 1995]. Lack of education about adequate dietary needs in older 
individuals can result in poor dietary intake with an inadequate selection of foods. 
1.3.3, Psychological factors 
Depression is one of the most important factors of the reduction of food intake in the 
elderly. This is because depression can increase cerebrospinal fluid concentrations of 
corticotropin releasing factor, a potent anorectic agent, which leads to a decrease in 
positive symbolism resulting in a decrease in the enjoyment of pleasurable events, 
such as, loss of appetite and loss of enthusiasm [Morley, 1997; Sone, 1995]. Refusal 
to eat can be a suicidal gesture in older depressed patients. Numerous symptoms such 
as weakness (61%), stomach pains (37%), nausea (27%), anorexia (22%), and 
diarrhea (20%) are seen in older depressed patients [Morley, 1997]. Bereavement is 
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associated with an alteration in the social environment and a decrease in the 
importance of food, leading to a reduction in the desire to cook and prepare tasty 
food [Morley, 1997; Sone, 1995]. Moreover, anorexia nervosa can recur in older 
persons who were previously weight restrictors. This is because they lack the desire 
to eat food in sufficient amounts in order to maintain an appropriate body mass 
[Morley, 1997]. 
1.3.4, Physicalfactors 
Poor dentition is one of the physical factors affecting food intake in the elderly. Most 
people lose their teeth with increasing age. This directly reduces food intake in these 
older people. In addition, immobility is also another factor affecting food intake in 
the elderly. This reduces the ability of older individuals to do shopping, prepare food, 
and even to feed. These activities may also be an excessive burden for the elderly. 
This may cause the decline in food intake in these immobile elderly. 
1.3.5. Medical factors 
Side effects of drugs is another contributory factor of low food intake in the elderly 
because some drugs (eg. digoxin) are associated with anorexia [Morley, 1997]. 
1.4. Age-Related Changes in Gastrointestinal Tract 
The gastrointestinal tract is a very important organ for nutritional status because it is 
responsible for the digestion and absorption of nutrients. In general, some functional 
decline is masked by the ample reserve capacity of the digestive tract [Sone, 1995]. 
Constipation is commonly reported by the elderly and is due to the age-related 
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decline in the strength and elasticity of the intestinal wall. In addition, the enzymatic 
activities on the brush border membrane (eg. alkaline phosphatase and maltase) are 
higher in the elderly [Sone, 1995]. Impairment of fat digestion and absorption is 
observed in the elderly over 70 years old. The processes of digestion and absorption 
of fatty acids are complicated and involve at least 7 steps from the formation of an 
emulsion of fatty acids to the transfer of chylomicrons into lymph ducts [Sone, 
1995]. A decrease in glucose tolerance and an increase in insulin insensitivity are 
also found in older individuals and is the result of immobility of the elderly [Evans 
and Campbell, 1993]. Finally, the functional activity of secretory IgA in small 
intestine is reduced with aging [Sone, 1995]. 
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Chapter 2; Energy Expenditure in the Elderly 
Energy balance is one of the important factors for elderly health. The importance of 
nutrition in the prevention of early disability and chronic diseases is well recognized. 
One factor emerging as an important aspect of good health in later life span is the 
prevention of weight loss among individuals with normal weight because there is an 
association between weight loss and premature death and disability [Sawaya et al. 
1995]. Weight loss is due to negative energy balance resulting from an increase in 
energy expenditure and/or a decrease in caloric intake. The definition of energy 
requirement of an individual by Recommended Dietary Allowances (RDAs) is that 
"level of energy intake from food which will balance energy expenditure when the 
individual has a body size and composition, and level of physical activity, consistent 
with long-term good health; and which will allow for the maintenance of 
economically necessary and socially desirable physical activity" [Roberts et al., 
1995]. So extremes of fatness and leanness, are important health concerns in the 
aging population [Poehlman et al 1991]. However, recent reports have shown that the 
current RDAs underestimate the energy requirements of both healthy young and 
elderly subjects [Roberts et al., 1995]. Weight gain is known to occur with aging in 
healthy people. This may be due to energy imbalance where energy intake exceeds 
energy expenditure. However, many recent studies have shown that energy intake in 
elderly declines with aging [Morley, 1997; Ravussin and Bogardus, 1989; Sone, 
1995]. So the energy imbalance in elderly may be due to the reduction in energy 
expenditure rather than the increase in energy intake and this chronic state of energy 
disregulation is contributory to several conditions associated with the aging process, 
including obesity, malnutrition, hypertension, and diabetes. So it is important to 
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understand the effect of aging in energy expenditure in an effort to re-establish 
energy balance, enhance nutrition status, and preserve physical function. 
2.1. Total Daily Energy Expenditure (TEE) 
Total daily energy expenditure is composed of three components: basal metabolic 
rate (BMR), diet-induced thermogenesis (DIT)�and energy costs of physical activity 
[Ravussin and Bogardus 1989]. According to the Food and Agriculture 
Organization/World Health Organization/United Nations University 
(FAO/WHO/UNU) and other studies, the reference value for TEE of elderly is 1.5 
times the BMR [Visser et al, 1995]. This may be influenced by both individual 
variation and the interaction of the individual with the environment. Factors 
contributing to the individual variation are age, weight, body composition, sex, food 
intake, genetics, activity, and physical condition. The environment factors include 
temperature, season, and stress [Rumpler et al. 1990]. Many recent studies have 
pointed out that TEE is highly correlated with fat-free mass (FFM) or lean body mass 
(LBM), which is the metabolically active component of body mass [Roberts et 
al.,1995]. FFM is also a good predictor of BMR [Astrup et al., 1990; Poehlman et 
al.,1991] when compared with other physical characteristics and indicies. Astrup et 
al. [1990] also showed that differences in LBM account for 91-93% of variation in 
energy expenditure between people. However, Goran and Poehlman [1991] has 
shown that VCbmax is the best predictor for TEE in healthy older individuals instead 
of FFM since there is no differences in TEE between young and elderly women when 
expressed as a function of FFM. The VOimax accounts for 79% of the variation in 
TEE in healthy elderly subjects. Higher V02max may be related to a physically active 
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life-Style, or genetic factors. Previous studies have shown that TEE is lower in elderly 
when compared with young [Pannemans and Westerterp, 1995; Sawaya et al., 1995; 
Vaughan et al., 1991], by up to 20% [Goran and Poehlman, 1992]. Sawaya et al. 
[1995] have also shown that all three components of TEE are lower in elderly 
compared with young women .This is due to the loss of lean body mass with age 
[Ravussin and Bogardus, 1989; Roberts et al., 1995]. Women have lower TEE than 
men [Astrup et al., 1990]. However, when TEE is adjusted for LBM, the effect of sex 
is abolished [Astrup et al., 1990; Klausen et al., 1997]. 
2.2. Basal Metabolic Rate (BMR) 
The basal metabolic rate (BMR) consists of the sleeping metabolic rate (SMR) and 
the energy costs of arousal and it is defined as the minimum rate of energy 
expenditure in an awake, relaxed person lying on a bed in a thermoneutral 
environment after an overnight fast [Ravussin and Bogardus 1989]. Variations in 
BMR occur as a result of the differences in body size, body composition, and/or 
genetic background [Ravussin and Bogardus, 1989]. Both intraindividual variation 
and the variability of the indirect calorimetry method account for 4% of the variance 
in BMR. Since it accounts for 60-80% of total daily energy expenditure, it plays a 
central role in daily energy expenditure in elderly. This is because older people tend 
to be inactive with increasing age and so just small deficits or excesses in BMR can 
add up to a large number of calories over time. In general, both SMR and BMR 
decline with increasing age in both sexes [Klausen et al., 1997; Poehlman et al. 1991; 
Ravussin and Bogardus, 1989; Roberts et al., 1995; Vaughan et al., 1991]. The 
reduction in BMR with aging is estimated to be about 1-2% per decade over the 
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range of 20-75 yrs [Klausen et al., 1997; Ravussin and Bogardus, 1989]. A 4.0% 
decline per decade is found in women 51 to 81 years of age and the occurrence of the 
decline in BMR with age in males ( � 4 0 yrs) is earlier than in females (-50 yrs) 
[Poehlman, 1993]. The reduction in BMR may be due to an increase in fat mass (FM) 
in the elderly. Not only does the FM increase in absolute terms, but there is also a 
decline in FFM or LBM with aging [Sawaya et al., 1995]. This may be a result of a 
more sedentary lifestyle during the older years [Klausen et al., 1997]. The decline in 
FFM may explain approximately three-quarters of the decline in BMR [Poehlman, 
1993]. And change in FFM may account for the most of the variation in BMR of 
aging people. As a result, in some studies, no significant differences on BMR 
adjusted for FFM between young and elderly [Vaughan et al., 1991; Pannemans and 
Westerterp, 1995]. However, a moderate degree of decrease in FFM adjusted BMR 
may in fact, be found in elderly [Klausen et al., 1997]. The percent decrease in FFM 
adjusted BMR was small, 4.6%, as reported by Klausen et al. [1997]. 
2.2,1, Mechanisms Leading to a Decrease in FFM Adjusted BMR 
(i) Sex 
Poehlman et al. [1997] has shown that the sex may influence the BMR. Measured 
BMR is higher (8%) in older men than in older women. This may be due to the 
greater FFM in men. The age-related decline in LBM results in a shift in body 
composition so that the percent body fat may actually double over a 40- to 50-y span 
[Vaughan et al., 1991]. Moreover, a shift in fat-deposition pattern occurs with age, 
resulting in a centralization and internalization of FM. The accumulation of central 
body fat may cause a higher level of noradrenaline secretion, which in turn increases 
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the sympathetic nervous system (SNS) and contributes to an increase in BMR in 
men. In addition, men have higher serum noradrenaline concentration and greater 
waist circumference or waist to thigh ratio (an index of body fat distribution) which 
is associated with the higher muscle sympathetic activity in men when compared 
with women. This causes higher SNS activity in men than women [Poehlman et al., 
1997]. As a result, it will give rise to a higher BMR in men than in women because 
BMR is influenced by sympathetic component. For examples: clonidine, which is a 
centrally acting sympatholytic agent, produce a 6% reduction in BMR and P-
adrenoceptor blockade with nadolol decreases BMR by 7% without changes in 
thyroid hormone levels [Poehlman et al., 1997]. Besides FFM and SNS, the decline 
in VOimax is an independent predictor of the decline in BMR in males, but without 
any effect on BMR in females [Poehlman, 1993]. However, Klausen et al. [1997] 
have reported that even though unadjusted BMR are higher in men than in women, 
but after being adjusted for activity and body composition (FFM and FM)� t he sex 
differences are eliminated. 
(ii) Sympathetic Nervous System (SNS) Activity 
This is another determinant of TEE, and may account for the lower adjusted BMR 
found in elderly. Vaughan et al. [1991] have shown that elderly may exhibit elevated 
plasma noradrenaline concentration and a greater plasma noradrenaline appearance 
rate compared with the young that increased SNS activity. Body fat and its 
centralized distribution in elderly is also an independent determinant of increased 
SNS activity in older people. However, although elderly have higher level of SNS 
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activity, aging is also marked by a blunted response to sympathetic activation, which 
may in turn explain the decreased BMR in elderly [Vaughan et al., 1991]. 
(iii) Physical Activity 
The effect of physical activity on BMR is contradictory. Poehlman et al. [1995] have 
shown that physical activity is also a factor influencing the BMR both in men and 
women. In sedentary older men BMR is a 11% and 17% lower relative to physically 
active older men and younger men respectively. This is supported by the study of 
Pannemans et al. [1995] and Klausen et al. [1997] that there is a significant increase 
in BMR in subjects who are performing a relatively heavy physical activity training 
or increased activity. This is because skeletal muscle occupies an increasingly smaller 
percentage of fat-free weight with advancing age. So the skeletal mass component is 
reduced in sedentary older men and contribute to lower BMR. Klausen et al. [1997] 
also pointed out that SMR is positively correlated with both spontaneous physical 
activity and duration of exercise. BMR is positively correlated with spontaneous 
physical activity, but is negatively correlated with duration of exercise. However, 
Ravussin and Bogardus [1989] reported that there is no subsequent change in BMR 
in response to exercise whereas BMR is significantly higher in physically fitter 
individuals, eg. trained athletes. 
(iv) Body Weight 
Body weight may be another factor influencing BMR. Astrup et al. [1990] found that 
some overweight and obese people have lower BMR when it is adjusted for LBM. 
This is because about 25% of excessive body weight of obesity is LBM and this 
1 8 
relatively low contribution of body cell mass and large contribution of body fluids 
may result in a lower metabolic activity per unit LBM. The total LBM become less 
metabolically active with increasing overweight and this may account for the lower 
BMR. Moreover, FM in the obese may result in a lower BMR in these people. 
(v) Hormones 
Hormones may influence BMR. For example, menopausal status of women is one of 
the factors contributing to the differences in BMR between women. The cyclic nature 
of progesterone levels can mediate changes in metabolic rate and can explain the 
decrease in TEE in postmenopausal women, since premenopausal women have 
higher adjusted SMR and BMR during luteal phase than during the follicular phase 
or nonluteal phase and than those in postmenopausal women [Ferraro et al., 1992; 
Morio et al., 1997]. Another sex hormone, androgen, is lower in women compared 
with men and their decrease during aging may also affect BMR in women. 
Testosterone is also partially related to a higher BMR in men than in women [Morio 
et al., 1997]. Na^-K"-adenosinetriphosphatase (ATPase) activity may also contribute 
to the variation of BMR and it decreases in women with aging and may partly 
account for the lower BMR in elderly females [Morio et al., 1997]. The Na-K pump 
accounts for 3% reduction in BMR, or one-quarter of the total 12% reduction in 
BMR in older people [Poehlman, 1993;. 
2.3. Diet-Induced Thermogenesis (DIT) 
Beside SMR and BMR, DIT is another important component of TEE. DIT is defined 
as the increment in energy expenditure after food ingestion due to the energy cost of 
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digestion, transformation, and storage, and accounts for 10% of TEE [Poehlman, 
1993]. It is interesting that DIT in the elderly is 20% of TEE instead of the normal 
10% [Visser et al., 1995]. Although DIT only represents a small fraction of TEE, it 
may be an important factor in the long-term control of energy balance and the 
i 
regulation of body weight and composition. However, the results of many previous 
studies are not conclusive. This is because DIT is the most difficult component to 
“ measure and the least reproducible component of TEE because of physiological 
„ factors (eg. subject's genetic background, age，physical fitness, and sensitivity to 
I insulin), the characteristics of the test meal (e.g. the size, frequency, and composition 
of the meals, palatability, and timing), and most important, methodological problems 
！ 
(e.g. indirect calorimetry equipment, interfering environmental factors, and duration 
of the measurement) [Tararanni et al., 1995]. For example, DIT tends to be larger in 
magnitude and duration when calorie intake increases. Due to these factors, it is 
difficult to draw a definitive conclusion concerning the possible impact of aging on 
DIT. Some studies have reported that DIT is lower in elderly subjects than in the 
“ 
young [Pannemans et al., 1995; Poehlman et al., 1991; Sawaya et al., 1995] and 
I Poehlman et al. [1993] found that DIT is 15% lower in the elderly and is higher (40-
I 56%) in individuals who regularly participated in aerobic exercise and it is also 
higher among well-trained older men than inactive older men. This result confirms 
that physical activity is another factor influencing DIT. It is interesting that DIT is 
negatively correlated with age (males only), body weight, percent body fat, and waist-
to-hip ratio (female only) [Tararanni et al, 1995]. The decline in DIT is associated 
with a blunting of the SNS response to meal [Poehlman, 1993; Tararanni et al, 1995]. 
Moreover, DIT is also negatively correlated with fasting plasma glucose and insulin 
• 




concentrations [Tararanni et al., 1995; Vaughan et al., 1991]. Abnormal glucose 
tolerance, insulin resistance, as well as the blunting of SNS response to meals, are 
associated with lower DIT and may account for 15% of variance in the DIT. In 
addition, DIT may be a function of heat dissipation across the abdominal wall, which 
is inversely related to the thickness of abdominal adipose tissue layer, and so subjects 
with a larger waist circumference, i.e., with a thicker abdominal adipose layer, had a 
lower DIT [Tararanni et al , 1995]. On the contrary, some studies failed to show any 
correlation between age [Vaughan et al., 1991;], body composition such as FFM and 
percentage of body fat among younger and older males with normal weight 
[Poehlman, 1993; Vaughan et al., 1991], and DIT. 
2.4. Energy Costs of Physical Activity 
Physical activity accounts for 30% of total energy expenditure. Although this 
component of TEE could be expressed in absolute term, which is called activity 
related energy expenditure (AEE) as Kcal/day, it is conventional to express as a ratio 
to BMR. This ratio (TEE/BMR) is called physical activity level (PAL). The normal 
physical activity level (PAL) of healthy elderly is 1.5 [Fuller et al., 1996]. This value 
i is similar to that suggested in a recent government report and Food and Agriculture 
i： • 
organization (FAO)/ World Health Organization (WHO)/ United Nations University 
(UNU) that PAL in healthy elderly is about 1.5 to 1.7 by undertaking light to 
I I moderate occupational activity [Gibney et al., 1997; Poehlman, 1993; Sone, 1995; 
Visser et al., 1995]. Generally, physical activity taken by elderly is decreased with i 
[• aging due to their sedentary living style. Men spent higher energy costs of physical 
: activity due to their higher FFM and thus can reach higher levels of physical 
1 I 
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performance. However, when adjusted for FFM, there is no sex difference in PAL in 
elderly [Westerterp, 1998]. 
f 
i - i 
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Chapter 3; Methods for the Measurements of Energy Expenditure 
There are several methods available for the measurement of energy expenditure in 
people, including direct calorimetry, indirect calorimetry, doubly labeled water, and 
labeled bicarbonate method, electrical and mechanical monitoring, and surveys. 
Before starting the research, all these methods were reviewed and their advantages 
and limitations were compared. In the evaluation of the methods for assessing energy 
expenditure, four factors must be considered: validity, reliability, cost, and 
acceptability [Schoeller and Racette, 1990]. Validity requires method to measure the 
factors accurately and reliability requires a method to give the same value or result 
when the measurement is repeated under the same conditions. Acceptability includes 
many factors, but the most important are to minimal discomfort to the subjects 
minimal time demand on the subjects and investigators [Schoeller and Racette, 
1990]. 
3.1. Direct Calorimetry 
3.1,1. Principle of Direct Calorimetry 
Direct calorimetry is used to measure the energy expenditure in the form of the rate 
of heat loss from the body to the environment [Levine and Morgan, 1990; 
Murgatroyd et al., 1993; Schoeller and Racette, 1990]. The heat is lost from the body 
to the environment by non-evaporative heat loss (radiation, convection, conduction) 
and by evaporation of water [Murgatroyd et al., 1993] since radiative and convective 
heat losses account for approximately 80% of total heat loss, while evaporative heat 
loss accounts for the reminder; conductive heat loss is negligible in man [Levine and 
Morgan, 1990]. Direct calorimetry is usually a whole-body measurement made 
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within the confines of a chamber, but may also be achieved by using a heat-
exchanging body suit [Murgatroyd et al., 1993]. Two principal approaches for the 
measurement of energy expenditure by direct calorimetry are used: the isothermal 
principle and the gradient-layer system [Garrow and Halliday, 1985]. 
3.1.2, Isothermal Calorimetry 
In an isothermal calorimeter, a heat exchanger extracts heat at a rate equivalent to 
that being produced by the subjects, so that the temperature gradients across the 
insulating walls are near to zero. In the new types of isothermal calorimeters, the 
chamber is surrounded by a shell space in which air is maintained at the same 
temperature as that of the chamber to provide a gradient-free system [Garrow and 
Halliday, 1985]. Air temperature and humidity are measured at the inlet and the 
1 outlet of the chamber. The dry and evaporative heat output of the subject can be 
I 
calculated from the difference between the temperature and humidity of the air at the 
inlet and at the outlet, the air flow and the heat produced, or subtracted, by the heat 
,1 
exchanger [Garrow and Halliday, 1985]. However, it has longer response time than 
another direct calorimetry using gradient-layer system [Garrow and Halliday, 1985; 
Murgatroyd et al., 1993]. 
3.1.3, Gradient-Layer Direct Calorimetry 
The principle of direct calorimetry using the gradient-layer system is that dry heat 
output of the subject is obtained by measuring the temperature gradient between the 
inner and outer surface of the gradient layer. Since the evaporative heat loss can 
affect the moisture content of the environment, it is continuously monitored by 
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condensing the exact amount of water appearing in the chamber and measuring the 
latent heat of condensation [Garrow and Halliday, 1985; Murgatroyd et al., 1993]. It 
provides accurate, fast response measures of heat loss by passive measurement 
techniques [Garrow and Halliday, 1985; Murgatroyd et al., 1993]. 
3.1.4. Advantages and Disadvantages of Direct Calorimetry 
The advantages of direct calorimetry are that it has excellent accuracy (1%) and 
precision (2-3%) [Murgatroyd et al., 1993; Schoeller and Racette, 1990]. Moreover, 
it is a direct energy measurement and provides a good environment for strictly 
controlled studies [Murgatroyd et al., 1993]. However, there are many disadvantages 
in direct calorimetry. The major disadvantage of direct calorimetry is that it cannot be 
I used to measure heat production for periods less than 24 hours due to the cyclic 
I 
I 
changes of body temperature throughout 24 hours. The heat loss lags behind the 
metabolic production of heat due to heat storage within the body. This makes heat 
production and heat losses out of phase. So balances of energy intake against 
, 1 
expenditure can only be made over intervals which are long enough for any 
differences in heat storage to become a trivial proportion of total heat production 
[Garrow and Halliday, 1985; Murgatroyd et al., 1993]. Moreover, it restricts 
activities and change activity patterns because it is not a free-living environment. 
Furthermore, this method requires expensive equipment and considerable investment 
of time by the subjects and investigators [Murgatroyd et al, 1993; Schoeller and 
Racette, 1990]. In addition, it does not provide information about the relative 
contribution of different substrates to energy expenditure [Murgatroyd et al., 1993]. 
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3.2. Indirect Calorimetry 
3.2.1, Principle of Indirect Calorimetry 
Indirect calorimetry is used to measure energy expenditure as a rate at which heat is 
produced in the body. Heat production is calculated from the rates of respiratory gas 
exchange (oxygen consumption (VO2) and carbon dioxide production (VCO2)) 
associated with the oxidation of the major energy-yielding substrates: carbohydrate, 
fat, protein and alcohol. Two principal approaches of indirect calorimetry are used: 
whole-body indirect calorimetry and indirect calorimetry with a ventilated hood, face 




I i 3.2.2. Whole-Body Indirect Calorimetry i| 
In a whole-body indirect calorimetry, the subject is kept in a sealed room or chamber ! 
1； 
I I 
which is ventilated with a constant, measured supply of fresh air. The respiratory gas ” 
exchanges in the subject are measured in terms of their effects on the composition of � 
the chamber air. Samples of well-mixed chamber air are drawn off for continuous 丨 
J 
analysis, and comparison of the differences in oxygen and carbon dioxide � 1 
concentrations in the in-going and out-going air enables the respiratory gas exchange ’ 
in the subject, and hence energy expenditure, to be calculated. Hydrogen and 
methane exchanges may also be measured, providing insight into gut fermentation 
processes [Murgatroyd et al., 1993]. Although it has excellent accuracy (1%) and a 
precision 2-3% [Schoeller and Racette, 1990], it is labor-intensive and costly to 
perform [Murgatroyd et al., 1993]. It allows calculation of nutrient balance when 
nutrient intake and urinary nitrogen are measured [Garrow and Halliday, 1985]. 
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3.2,3. Indirect Calorimetry: Ventilated Hood System，A Face Mask, or Mouthpiece 
Tradition gases collection systems for indirect calorimetry, such as face mask, or 
mouthpiece, which eliminates the requirement to house the subject in the laboratory 
without restricting physical activity [Schoeller and Racette, 1990]. In the face mask 
or mouthpiece method, air is directly expired through a mask or mouthpiece. In this 
way, the subject's own breathing drives the flow of air which is then collected or 
sampled undiluted [Murgatroyd et al., 1993]. However it is now replaced by the 
ventilated hood collection system, which is more acceptable for human subjects. In 
the ventilated hood collection system, expired air is drawn from a hood or tent 
i i I , I -
enclosing the subject's head. In this case, a pump draws a constant flow of air over 丨 (I 、 
the subject's head and the subject only inspires a fraction of the air available. As a | 
result, the differences in O2 and CO2 concentrations between inspired and expired air ! J j are smaller than in direct expired air and demand more sensitive gas analysis 
|| 
[Murgatroyd et al., 1993]. Ventilation in both cases is expressed as litres per minute 今 
after correction to standard temperature and pressure under dry conditions (STPD). 
i 
The ventilation rate and the differentials in gas concentration between inspired and j 
expired air are then used to calculate oxygen consumption and carbon dioxide ’ 
production. From energy expenditure and substrate utilization can also derived 
[Murgatroyd et al., 1993]. The accuracy of indirect calorimetry is 3% with a precision 
of 6% [Schoeller and Racette, 1990]. However, a high cost is the major disadvantage 
of indirect calorimetry. Indirect calorimetry using ventilated hood system is the most 
comfortable one for the subject because they are able to breathe more naturally under 
the canopy than using a mask or a mouthpiece [Murgatroyd et al., 1993]. It has been 
shown that mouthpiece and noseclips are not easily tolerated by subjects because it is 
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difficult for subjects to swallow comfortably [Segal; 1987]. Indirect calorimetry 
using the ventilated hood system provides more reliable results than using a face 
mask or a mouthpiece by eliminating discomfort and alteration produced by the 
equipment in the subject since it enables natural breathing pattern in the subject 
during measurement and reduce the resistance to inspiration and expiration induced 
by a tightly fitting breathing apparatus. Moreover, when a face mask is used, leakage 
may be a potential source of error. 
3.2.4. Advantages and Disadvantages of Indirect Calorimetry 1 
I i 
丨, 
The accuracy of indirect calorimetry of both VO2 and VCO2 is within ±3% and the ‘ 
method allows calculation of nutrient balance when nutrient intake and urinary j 
nitrogen are measured [Garrow and Halliday, 1985]. The cost of indirect calorimetry \ 
\ is less than that of direct calorimetry. It also enables the pattern of heat production 
over day and night to be followed. ^ 
j 
i 
3.3. The Doubly-Labeled Water Method ； 
I 
3.3.1. Principle 
The doubly-labeled water method is an innovative method of indirect calorimetry that 
has been validated for human use [Poehlman, 1993; Schoeller and Racette, 1990; 
Schoeller and Webb, 1984; Seale et al., 1990]. The principle of the method is that 
after a loading dose of water labeled with the stable isotopes of deuterium (^H) and 
18(3, 2h is eliminated as water, while ^^ O is eliminated as both water and carbon 
dioxide (CO2). Therefore, the difference between the two elimination rates is 
proportional to the total CO2 production during the metabolic period and hence total 
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energy expenditure [Baarends et al., 1997a; Baarends et al., 1997b]. It can be used to 
measure CO2 production as well as energy expenditure in free-living subjects for 
periods of 1-3 wk because it only requires the periodic collection of urine for the 
measurement of isotopes elimination rates [Schoeller and Racette, 1990; Schoeller 
and Webb, 1984; Seale et al., 1990]. 
3.3,2, Advantages and Disadvantages 
It is a non-invasive and non-intrusive method, and is simple for subjects to follow. It 
permits an unbiased measurement of free-living energy expenditure. Since the 
measurements are conducted over extended periods of time (1-3 weeks), the energy 
values found by doubly-labeled water method are representative in determining 
typical daily energy expenditure, and also daily energy needs of free-living adults 
[Poehlman, 1993]. Although this method has been validated for the measurement of 
total energy expenditure and found to be accurate to 1% with a precision of 4-7%, it 
is still impractical for large studies [Schoeller and Racette, 1990]. This is because the 
need for sophisticated equipment and trained technicians for analysis of isotopically 
labeled samples is prohibitive [Schoeller and Racette, 1990]. And also, a mass 
spectrometer is required for subsequent analysis, which is time-consuming 
Murgatroyd et al., 1993; Poehlman, 1993]. The limited availability and high cost of 
these stable isotopes also preclude their use in large studies [Poehlman, 1993]. 
Finally, it cannot distinguish between different patterns of activity, and only provides 
mean values over a period of several days [Rutgers et al., 1997]. 
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3.4. The Labeled Bicarbonate Method and labeled bicarbonate-urea method 
3.4丄 Principle of Isotope Dilution Method 
This is a method to quantitative an unknown compartment by infusion of a pre-
determined amount of labeled isotope and measurement of the final concentration of 
the labeled isotope in that compartment after equilibrium. The total volume of the 
compartment is thus determined from the final concentration of the label and amount 
of label infused. It is useful in determination of volume of body compartments, eg. 
total body water {fig. I). It is also applied to determine volume of flow by infusion of 
label at a fixed rate, eg. daily CO2 production (fig. 2). 
3 0 
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Fig. 2: Determination of flow rate, eg. daily CO2 production. 
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3.4.2. Principles of Traditional Labeled HCO3 Method [Elia et al 1988] 
This is an isotopic-dilution technique for measurement of daily CO2 production. TEE 
is then derived from daily CO2 production and energy equivalent of CO2, which is 
determined by the respiratory or food quotient. A fixed amount of labeled 
bicarbonate is infused into the body at a known rate. The infused isotope will be 
diluted by the endogenous CO2 produced by the tissues of the body before it is 
expired in breath. The extent of this dilution allows us to calculate CO2 production in 
the body and the using of an appropriate energy equivalent value allows us to 
estimate TEE from the amount of CO2 produced {see fig. 3). 
• n 
Fig. 3: The flow diagram of the traditional labeled bicarbonate method 
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The expired air is collected and used to calculate the specific activity of CO2, where 
the specific activity of CO2 is equal to the amount of labeled COi/amount of total 
CO2. Then daily CO2 production per day can be calculated as follows: 
Daily CO2 production (mol per day) = Daily rate of labeled CO2 infusion (dpm/day) 
Specific activity (SA) of expired CO2 
The typical results of this method can be seen in fig. 4. 
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Fig. 4: The typical result of traditional labeled bicarbonate method [Elia et al., 1988]. 
Then energy expenditure (KJ/mol) can be calculated by multiplying the daily CO2 
production by 504 kJ mo\'\ This value is the energy equivalent of CO2, determined 
from food quotient of local population. 
1 
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3.4,3, Labeled Bicarbonate-Urea Method 
The bicarbonate urea method is also an isotopic dilution method for measuring TEE. 
The principle is the same as traditional labeled bicarbonate method except the 
specific activity of urine urea, which is determined instead of specific activity of 
expired CO2. Labeled CO2, infused as "^^C bicarbonate at a constant rate is diluted by 
CO2 produced endogenously in the body (fig. 5). 
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Fig. 5: The flow diagram of labeled bicarbonate-urea method 
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Unlike the double labeled water method, the bicarbonate-urea method measures over 
periods of 3 days, this allows us to study day to day variation in free living 
conditions. Such day to day measurements are important in clinical settings as an 
individual patient's clinical status and energy expenditure may change from day to 
day during the course of the study. This method has been previously validated against 
whole body indirect calorimetry using healthy individuals. 
Urine samples are continuously collected in 24-hour periods over 3 days. The 
specific activity of urea in urine is then measured which can be converted to specific 
activity of CO2. 
/. Calculations (Details showed on Appendix I and Sample of Calculation) 
A. Determination of energy equivalent of CO2 
I 
Energy expenditure is determined using the equation of Elia [1992]. 
EE (KJ) = 15.818 VO2 + 5.176 VCO2 |i I . 
where VO2 and VCO2 are in litres. : 
EE (KJ/day) = CO2 (mol/day) x 504 KJ/mol 
since it is assumed that energy equivalent of CO2 is 504 KJ mol'^ which applies 
to subjects close to nutrient balance while ingesting a Hong Kong diet with a 
food quotient of � 0 . 8 5 . 
B. Relationship between specific activity of urea and specific activity of CO2 
The specific activity of urea is equal to the specific activity of CO2 multiplied by 
0.85. This is because the recovery of labeled CO2 is not completed. It may be 
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influenced by multiplying processes, such as different nutritional and 
pathophysiological events (eg. feeding/fasting, exercise, rest) that produce 
changes in blood flow and metabolism of splanchnic tissues, even in the same 
day. For example, feeding as well as injury or infection appear to increase blood 
flow and energy expenditure to splanchnic tissues, whilst the decreases in 
splanchnic blood flow with exercise may be substantial. However, major 
determinant of the integrated specific activity of urea over a period of time in 
normal subjects is the specific activity of CO2 in arterial blood, which is 
essentially the same as that in expired CO2. 
C. Fixation of infused label in the body 
I 
50/0 of infused CO2 is taken up by body tissue during metabolism. So only 95% of i 
infused label will be eventually expired. 
I 
D. Calculation of CO2 production from the specific activity of urinary urea ； 
I! 
CO2 production (mol/day) = 0.95 x 0.85 x infused dpm/day :: 
- — I 
Specific activity (SA) of urea (dpm/mol) ’ 
where 0.95 is the recovery of labeled gaseous carbon dioxide and 0.85 is the 
correction factor between specific activity of urea and specific activity of CO2. 
E. Two assumptions are made in this method. First, it is assumed that the 
relationship between specific activity of urea and specific activity of expired CO2 
is constant, with a conversion factor of 0.85. Secondly, we assumed that the 
whole day respiratory quotient (RQ) is equal to food quotient (FQ). 
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3.4.4, Advantages and Disadvantages of Labeled Bicarbonate- Urea Method 
The major advantage of bicarbonate method is that it can provide information in a 
shorter time (hours to days) which enables monitoring of rapidly evolving disease. In 
addition, the accuracy of this method is ±6o/o at an individual level [Murgatroyd et al., 
1993]. Moreover, it does not significantly encumber the subject. The disadvantage of 
the bicarbonate method is that the labeled compound (NaH '^^ COs) cannot be given 
orally because the acidity in the stomach may release gaseous CO2 and this CO2 may 
be emcted without entering the central bicarbonate pool [Elia et al., 1988]. So it 
needs to be infused subcutaneously or intravenously. 
3.5 Heart Rate Monitor ing 
3.5.1 Principle 
Heart rate monitors are frequently used to assess energy expenditure based on the 
direct association between heart rate and oxygen consumption during most activities. 1 
Commercial units such as the Holter monitor, which records electrical activity of the : 
‘ ！! 
heart by transmitting signals from three electrodes on the subject's chest to a cassette \ j 
tape, and the Uniq Heart watch, which uses miniature computer technology to record 
heart rate throughout the day, are readily available. Although such monitors 
accurately measure heart rate, their precision for assessment of energy expenditure is 
limited by the fact that heart rates changes independent of physical activity. Emotions 
and stress frequently cause an increase in heart rate without a proportional rise in 
oxygen consumption. Factors such as fatigue, ambient and body temperature, and 
state of hydration may affect heart rate disproportionately relative to oxygen 
consumption. Hence, the relationship between heart rate and oxygen consumption 
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should be individually established by simultaneous measurements of heart rate and 
energy expenditure during standardized activities, and total energy expenditure can 
be calculated from the continuous recording of heart rate throughout period of 
investigation. The type and intensity of activities should reflect those likely to be 
undertaken during the free-living environment [Murgatroyd et al., 1993; Rutgers et 
al., 1997; Schoeller and Racette, 1990]. 
3,5,2 Advantages and Disadvantages 
It is a simple and relatively inexpensive method to estimate energy expenditure of 
population groups [Rutgers et al., 1997]. It is one of the most socially acceptable and 
non-intrusive method that can be used in free-living individuals performing habitual 
activity, including children. The accuracy of this method is limited to about ±1 MJ 
for an individual estimate. The critical advantage of minute-by-minute recording is 
that it removes the error inherent in trying to predict average energy expenditure from 
average heart rate. Finally, it also provides useful activity data even without being 
I I 
I ' 
converted to energy expenditure [Murgatroyd et al., 1993]. 
I 
The disadvantages of heart rate monitoring is that it is less suitable for total energy 
expenditure assessment in elderly because the variability in heart rate in the elderly is 
very high. This is because their physical activity is generally low as a result of lower 
muscle mass [Rutgers et al., 1997]. Secondly, since the individual variation is high, it 
is necessary to establish the relationship between heart rate and oxygen uptake 
individually in each subject for a wide range of activities [Murgatroyd et al., 1993]. 
Although individual calibration can improve precision, it also decreases acceptability 
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and increases cost of this method [Schoeller and Racette, 1990]. Thirdly, extreme 
ambient temperature and humidity as well as sweating may alter heart rate 
[Murgatroyd et al., 1993]. 
3.6 Act iv i ty Moni tor ing 
3.6.1 Principle 
Activity monitor is an alternative modality to estimate energy expenditure in subject. 
It is used to measure the movement of the trunk or limbs. Compact, portable devices 
worn on the wrist or belt, such as accelerometers, conveniently assess energy 
expenditure by sensing accelerations of the body during physical activity and then 
integrating the absolute value of those accelerations over time. Regression equations 
applied to the data obtained are then used to calculate oxygen consumption and 
energy expenditure [Schoeller and Racette, 1990]. 
3.6.2 Advantages and Disadvantages ； 
I 1 
It is a simple, non-intrusive, and easily acceptable method for estimation of energy J 
expenditure in populations. However, its use is limited to dynamic activities that . 
produces accelerations because static activities, such as weight lifting, produce high 
forces with only minimal displacement and therefore cannot be assessed accurately 
by these devices [Schoeller and Racette, 1990]. Moreover, the relationship between 
energy expenditure and accelerometer counts depends on the type of activity. For 
example, monitors mounted at the waist will underestimate energy expenditure in 
isometric activities and bicycling [Schoeller and Racette, 1990]. 
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3.7 Activi ty Diaries 
In this method, habitual physical activity patterns and level of intensity are recorded, 
and hence energy expenditure resulting from these activities can be computed. There 
are three distinct methods: (I) retrospective or recall questionnaires; (II) current diary 
method; and (III) time-and-motion observations. 
3,7,1 Retrospective Activity Questionnaires 
I. Principle 
Activity questionnaire is a simple and useful tool for assessing the physical activity 
practices of a community. It requires a recall questionnaire that often refers to the 
immediately preceding 24 or 48 hours [Murgatroyd et al., 1993]. Data, such as the 
type, frequency, and duration of the activities performed, are obtained. A variety of I 
I . I 
time frames can help to quantify seasonally variable activities and attempts to obtain 
detailed information from the most recent, and hence most easily remembered j 
occasion [Schoeller and Racette, 1990]. It may be completed independently or may ； 
t be filled in by an interviewer. ; 
I 
II. Advantages and disadvantages 
It is an inexpensive method to provide special information on activity patterns of 
population groups and can be easily applied to thousands of subjects [Murgatroyd et 
al., 1993]. On the other hand, the disadvantages of this method are that the 
questionnaire cannot be too long as it may result in deterioration of the quality of 
information. In addition, the questionnaires only obtain data on the type, frequency, 
and duration of the activities performed. They give little quantitative information 
41 
concerning intensity. In addition, this method is subjective and dependent on 
compliance of the subject, and thus is difficult to have an accurate estimation of 
energy expenditure. Finally, the lack of specificity and reliability may limit its use 
when a precise energy expenditure measurements is required [Schoeller and Racette, 
1990]. 
3,7,2 Current Diary Method 
L Principle 
This method utilizes diary records of daily activities for a particular window of time. 




sleeping, walking etc. or by categorizing the activities that a subject carries out into « 
grades or levels of activity such as sedentary, mild, moderate, strenuous etc. It is I 
I 
completed either by the subject or filled in by an interviewer or observer. The entry | 
of these data is made in the form of a diary which can be simplified and standardized j 
by coding for each type of activity. The diary needs to be checked periodically to ； 
i ascertain that all 1440 minutes in a day are counted. Afterward, energy expenditure J f 
of activity is computed by actual measurement of energy cost of the activity, or from ‘ 
published data which may be expressed in absolute units or as factorial values based 
on basal metabolic rate (PAR = physical activity ratio, where PAR is equal to total 
energy expenditure divided by the basal metabolic rate). Total energy expenditure is 
readily computed by multiplying the time spent in each activity over the day by its 
energy cost [Murgatroyd et al., 1993]. 
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//. Advantages and disadvantages 
It is a reliable and accurate method and enables the identification of activity patterns 
by plotting the types of activity against the time spent in each of the activities 
[Murgatroyd et al., 1993]. This method is inexpensive one, but its use is limited due 
to high individual variability in energy expenditure. It is useful for assessment of 
physical activity in population studies [Schoeller and Racette, 1990]. Also, it is more 
informative than activity questionnaires because it requires the subject to record each 
activity throughout the day. However, the choice of intervals can significantly 
influence the results. For example, shorter intervals can cause greater discrimination, 
but prolonged intervals can induce fatigue in the subject. In addition, its success 
depends on the cooperation of the subjects and the cooperation between subjects and 
observer. Interviewer must be conscientious and willing to work in long, 
inconvenient hours, and finally interviewer must be well trained so that he/she can 
I 




3.7,3 Time-and-Motion Study ， 
1. Principle 
It requires an interviewer to record the activity pattern of the subject. The activity is 
described in simple terms or using codes or symbols which can then be used to 
compute energy expenditure by actual measurement of energy cost of the activity, or 
from published data which may be expressed in absolute units or as factorial values 
based on basal metabolic rate (eg. PAR). As a result, total energy expenditure is 
obtained by multiplying the time spent in each activity over the day by its energy 
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cost. A change in activity must be coded on the record sheet each time [Murgatroyd 
et al., 1993]. 
//• Advantages and disadvantages 
The major advantage of this method is that it is more objective and reliable than the 
current diary method and provides fairly accurate data on the patterns of activities 
although the information on total energy expenditure may not always be precise. 
However, it is an expensive method and involves considerable manpower. It also 
requires cooperation between subjects and the interviewer. Interviewers must be 
conscientious and willing to work in long, inconvenient hours, and be well trained so 
that they can distinguish important activities from trivial changes in activity. In 
I 
addition, it requires the measurement of energy cost of each activity for computation i 
of energy expenditure. Finally, the day-to-day variations in activity are sufficiently 






Chapter 4. Nutritional Status and Energy Expenditure in Chronic 
Obstructive Pulmonary Disease (COPD) Patients 
4,1, Nutr i t ional Status 
4.1.1, Body weight 
Significant weight loss (i.e. the loss of weight greater than 10% of body weight or 
body weight less than 90% of in ideal) is quite common in patients with chronic 
obstructive pulmonary disease (COPD) [Baarends et al., 1997a; Baarends et al., 
1997b; Hugli et al., 1993; Muers and Green, 1993; Muers and Green, 1991; Schols et 
al., 1991; Wilson et al., 1989]. Palange et al. [1995] reported that 25% of COPD 
patients had significant weight loss in emphysematous patients but weight loss was 
less common in bronchitic patients [Green and Muers, 1992; Hugli et al., 1993; 
Muers and Green，1991]. The patients with lower body weight was associated with 
higher mortality rate and loss of weight was also strongly correlated with severity of 
disease [Hugli et al., 1993; Muers and Green., 1993]. 
4.1.2, Fat-free mass (FFM) , 
Loss of FFM may be caused by caloric deficiency and/or an increase in caloric 
demand. The increase in energy demand in COPD patients may be contributed by 
dyspnoea or the respiratory effort in these patients. 
Loss of FFM had been commonly reported in COPD patients [Baarends et al., 1997a; 
Baarends et al., 1997b; Hugli et al., 1996]. The loss of muscle mass may represent a 
protein catabolic state with a shift in whole body protein distribution and a partial 
loss of a primary reservoir that is utilized to supply amino acids for new body protein 
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synthesis [Evans and Campbell, 1993]. In addition, both malnutrition and weight loss 
cause the disuse atrophy of striated muscle, including the reduction in muscle fiber 
size in the diaphragm and also alteration of muscle function such as a reduction of 
the respiratory muscle strength and endurance, reduction in the capacity to utilize 
substrates and impaired physical fitness [Baarends et al., 1997b; Palange et al., 1995; 
Evans and Campbell., 1993]. 
The caloric imbalance is due to a reduction of energy intake and/or an increase of 
total daily energy expenditure (TEE). However, some studies have shown that the ; 
energy intake in terms of calories in patients with COPD is not reduced and even • 
exceeded the recommended daily allowance (RDAs) [Dore et al., 1997; Green and : 
'1 
Muers, 1992; Hugli et al, 1996; Muers and Green., 1991]. I 
！ 
Increase in total daily energy expenditure would seem to be the only explanation for 
the energy imbalance. In a normal subject, total daily energy expenditure consists of ；' 
I 3 main components: BMR which accounts for 60% of TEE, DIT which accounts for ；' 
I 
10%-15% of TEE, and the remaining energy costs (about 30%) being expended in “ 
physical activity which is the most variable component. Patients with COPD may 
have an increased BMR due to an increased respiratory effort but inactive [Dore et 
al., 1997]�and thus compensated by a lower energy used for daily activity. The 
different components of energy expenditure had been studied in COPD patients but 
most studies were concentrated on BMR or DIT and few were performed for TEE. 
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4.2 B M R 
BMR is defined as the energy needed to maintain the ongoing processes in the body 
in the resting state when no food is eaten. Both mean BMR and mean BMR adjusted 
for fat-free mass in patients with COPD were found to be increased [Baarends et al., 
1997a; Dore et al., 1997; Hugli et al., 1996; Hugli et al., 1993; Muers and Green, 
1993; Muers and Green., 1991; Ryan et al., 1993; Schols et al., 1991; Wouters and 
Schols, 1993]. They have shown that BMR in patients with COPD is 10-20% higher 
than predicted from age, height, weight, and gender by using the Harris-Benedicts' 
equation [Green and Muers., 1992; Hugli et al., 1996; Hugli et al., 1993; Muers and 
Green, 1993; Muers and Green., 1991; Schols et al, 1991]. This is in contrast to the 
s 
I 
weight loss of starvation in normal subjects where weight loss is accompanied by a ( 
i 
reduction in BMR. Hypermetabolism appears to be more common in patients with I 
！ 
more severe disease, and more common in patients with weight-loss rather than in ^ 
patients with stable weight [Muers and Green., 1993; Schols et al., 1991]. The � 
elevated BMR in COPD patients may result from the increased energy cost of ： 
I breathing, an increase of resistive load and ventilatory muscle inefficiency ; 
I 
[Vermeeren et al, 1997; Wouters et al., 1993]. In addition, the influence of chronic “ 
inflammation or the effect of medications such as P2 agonists and theophylline may 
also contribute to the increase in BMR [Hugli et al., 1996; Schols et al., 1991; 
Vermeeren et al, 1997]. However, a few other studies did not show a significant 
increase in BMR or REE in malnourished COPD patients [Ryan et al., 1993]. 
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4.3 Diet-Induced Thermogenesis (DIT) 
The amplitude and duration of DIT are influenced by several factors: (1) the fate of 
nutrients; higher DIT is caused when the nutrients are stored than when they are 
readily oxidized，(2) the types of nutrients; DIT being highest after ingestion of 
protein and the lowest for fat，(3) the amount of food ingested [Hugli et al., 1993]. 
The results of previous studies on DIT in COPD patients were conflicting. Some 
showed that thermic effect of food and protein oxidation are higher in COPD patients 
[Muers and Green., 1991]. On the other hand, other studies have reported that there is 
no evidence for higher DIT and protein oxidation in COPD patients [Dore et al., -
� 
1997; Green and Muers, 1992; Hugli et al., 1993]. Furthermore, there is no ^ 
V . � 
correlation between DIT and the parameters of the severity of airway obstructive or 丨 
I 
the parameters of hyperinflation [Hugli et al., 1993]. | 
t 
f 
4.4 Total Energy Expenditure (TEE) ， 
Only few survey of TEE on COPD patients had been carried out. There was no 
I, conclusive result on the change of TEE in COPD patients. Two previous studies have 
f 
showed that PAL in COPD patients was around 1.5, which was expected level found -
in normal subjects [Hugli et al., 1996; Baarends et al., 1997a]. In the study of Hugli 
et al. [1996], where TEE of 16 COPD patients was measured in a metabolic chamber, 
they found that PAL of COPD patients was 1.45. This result agrees with another 
study done by Baarends et al. [1997a] in which TEE of 10 COPD patients was 
measured by double labeled water method. They found that PAL of COPD patients 
was 1.56. However, it was different from the result of another study done by the 
same group [Baarends et al., 1997b]. This study was also done by double labeled 
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water method on 8 COPD patients with normal to high BML The patients were 
undergoing rehabilitation program when their TEE were measured. They found that 
PAL of COPD patients was 1.7 in this study which was significantly higher than the 
value in control elderly. Due to the limited results of studies on TEE in COPD 
patients, further investigations are required particularly among patients with 
significant weight loss. 
4.5 Nutr i t ion Repletion by Caloric Supplement 
It is of interest whether nutrition repletion in malnourished patients with COPD can 彳 
• • ^ 
result in improvement in both anthropometry and respiratory function. One study has 
shown that refeeding malnourished COPD patients by caloric supplement could j 
improve respiratory muscle strength and endurance and also weight gain [Ryan et al., i 
1993]. An increase in weight and fat-free mass may ameliorate the severity of ‘ 
disease. But refeeding is critical to COPD patients because patients with COPD have ^ 
limited ventilatory reserve and the type of nutrients may adversely affect the disease 
i, 
[Demeo et al., 1991]. For example, large carbohydrates loads can increase the 
respiratory quotient (RQ) and carbon dioxide production, and results in an increase in -
the respiratory burden and potentially lead to respiratory failure [Ryan et al., 1993]. 
So a carefully designed regimen is required in these patients which must be based on 
a good understanding of energy balance in these patients. And this is the basic 
objective of this study, which is to analyze the pattern of malnutrition and different 
component of energy expenditure in COPD patients. 
4 9 
Although BMR and DIT are the most frequently studied parameters of energy 
expenditure, no conclusive results are available in COPD patients. Furthermore, few 
studies documenting the total daily energy expenditure have been done. Therefore, 




The objectives of the our study were to: 
1) Survey the nutritional status in COPD patients. 
2) Survey the nutrient intake in COPD patients. 
3) Survey the changes in components of energy expenditure, including resting 
energy expenditure (REE), diet-induced thermogenesis (DIT), and total daily 
energy expenditure (TEE). 
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3. SUBJECTS AND METHODS 
Our study was divided into 2 parts. In Part A，the nutritional status and 
anthropometry of COPD patients were assessed. In Part B，the energy expenditure 
(including REE, DIT, and TEE) of female COPD patients was assessed. 
3.1. Part A: Subjects and Methods I 
3.1.1. Subjects 
Fifty-seven patients aged 65 or above, with mild to severe chronic obstructive 
pulmonary disease (COPD) participated in this part of study. They were recruited 
from the respiratory rehabilitation ward in Shatin Hospital. They were clinically 
stable and ex-smokers. 
3.1.2. Methods 
I. Anthropometric Assessment 
Body weight and height were measured. All patients were weighed on the same beam 
scale to the nearest 0.5 kg with light indoor clothing and no shoe. Height was 
measured to the nearest 0.5 cm with the subject standing barefoot. Body mass index 
(BMI) was calculated as the ratio of the body weight to the height squared and 
expressed in kg/m . Mid-arm circumference (MAC) and frame size were also taken 
on the nondominant arm with an inelastic, flexible measuring tape to the nearest 0.1 
cm. Skinfold measurements of biceps and triceps were also made on the 
nondominant arm to nearest 0.1mm with a Holtain skinfold caliper. All 
measurements were made in triplicates by the same trained investigator. Calf 
circumference was measured on the left leg by an inelastic, flexible measuring tape to 
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the nearest 0.1 cm. Arm muscle circumference (AMC), fat-free mass (FFM), and 
total body fat (TBF) were calculated from skinfold thickness. These equations were 
shown in Appendix 11. 
II. Nutrient Intake 
24-hours dietary recall was used to assess the dietary intake of these patients. It was 
done by a trained interviewer. The intake of nutrients (including calories, 
carbohydrates, protein, fat, vitamin A, vitamin Bi，vitamin B2, niacin, vitamin C, 
vitamin D, calcium, phosphorus, iron, zinc, and fibre) were derived using a food 
composition program which was created by the Growth and Nutrition Research Team 
at the Department of Paediatrics, the Chinese University of Hong Kong. This 
program was based on the food tables from Britain [Paul and Southgate, 1978]� 
China [Institute of Health, 1980], Taiwan [Tung et al., 1961], and USA [Church and 
Church, 1975; U.S. Dept. of Health, Education and Welfare 1972; Watt and Mervill, 
1983]. The chemical analyses of some local Chinese foods by the government 
chemist, and product information from food manufacturers were also included in this 
food composition program. 
III. Clinical Assessment 
Clinical indicators of disease severity such as peak flow rate (PFR), forced expiratory 
volume in one second (FEVi)/ forced vital capacity (FVC), partial pressure of oxygen 
(O2) in artery (PaOi), partial pressure of carbon dioxide (CO2) in artery (PaCO�),pH, 
plasma bicarbonate [HCO3"], and saturated O2, were also measured. P a O � � P a C O � � 
pH, and [HCOs'] were assessed by Blood Gas Machine (280 Chiron Blood Gas 
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System) which based on measurements with pH, pOi, and pCOi electrodes. PFR was 
measured by peak flow-meter at bedside and FEVl/FVC was measured by simple 
spirometer performed by a well-trained medical staff in respiratory ward in Shatin 
Hospital. 
IV. Enersv Expenditure 
BMR of these patients was calculated using Harris-Benedicts' equation. The equation 
is shown in Appendix II. The estimated TEE in COPD patients was approximately 
1.5 times of BMR since some previous reports have shown that PAL in elderly was 
1.5 [Baarends et al., 1997a; Fuller et al., 1996]. 
V. Questionnaire - Mini Nutritional Assessment Questionnaire 
The nutritional status of the subject was assessed by using a Mini Nutritional 
Assessment Questionnaire [Guigoz et al., 1996]. The questionnaire was divided into 
four parts: anthropometric assessment (weight, height, arm and calf circumferences, 
and weight loss), general assessment (six questions related to lifestyle, medication, 
and mobility), dietary assessment (eight questions related to number of meals, food 
and fluid intake, and autonomy of feeding) and subjective assessment (self-
perception of health and nutrition). All questions in these parts were about the 
potential risk factors and major indicator of poor nutritional status among older 
adults. Each question had several answers to choose and each answer had its own 
score. The sum of the scores of these questions in four parts was the score obtained 
by the subjects. The total score obtained indicates whether the subjects was 
malnourished. If the total score obtained was below 17 points, the subject was 
5 4 
malnourished. If the total score obtained was between 17 and 23.5 points, the subject 
was at the risk of malnourished, and if the total score obtained was greater than or 
equal to 24 points, it indicated that the subject was well-nourished. 
VI. Statistical Analysis 
Values were expressed as mean 土 SD. Mean differences between COPD patients and 
healthy elderly [Leung et al., 1995] were analyzed by an independent t test. Pearson's 
correlation coefficients were calculated to evaluate the relationship of measurements. 
Results were considered to be significant when the observed significance level was < 
0.05. The statistical analysis was performed by the Statistical Package for Social 
Sciences (SPSS), version 7.0 (SPSS Inc.; Chicago，USA) for Windows. 
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3.2. Part B: Subjects and Methods II 
3.2.1. Subjects 
I. Patients 
Thirteen female patients with chronic obstructive pulmonary disease (COPD) were 
recruited from the respiratory rehabilitation ward in Shatin Hospital. Only female 
subjects were included in this study to exclude effects of sex. Female subjects were 
chosen as they were more willing to participate in the study. They were clinically 
stable at the time of study. None of them was smoker nor had evidence of diabetes, 
cancer, hepatic or renal disease. 
II. Control subjects 
Seven female control subjects with approximately the same age as the patients were 
recruited on a voluntary basis from old age hostels to participate in this study. All 
volunteers had stable body weight, a BMI < 30, and no evidence of physical and 
mental disease. All of them had normal lung function and had no medications. 
Before the study, the patients and control subjects were fully informed about the 
nature, purpose and procedures of the study and gave informed consent. The protocol 
was reviewed and approved by the Ethical Committee of Clinical Research, the 
Chinese University of Hong Kong. 
5 6 
3.2.2. Methods 
Measurement of TEE by labeled bicarbonate-urea method 
1. Study Protocol 
The period of study on each subject lasted for 4 days (day 1 to day 4) and was carried 
out in the pulmonary rehabilitation ward in the Shatin Hospital. Details of the study 
protocol is shown in Fig 6. 
On day 1, baseline urine collection was started at 8:00 and then the dietary intake 
record was started. At 16:00, labeled bicarbonate infusion was started and continued 
until the end of 10:00 on day 4. 
On day 2, measurements of REE and DIT were carried out at 11:00 and 14:00 
respectively. 10 ml of blood sample was collected between 8:00 and 10:00 for 
calculation of urea pool size. The 24-hrs urine collection and dietary intake record 
were continued. Rehabilitation program was stopped for this day for determination of 
TEE while the subjects were having their usual activity. 
On day 3, the rehabilitation program was resumed and the Mini Nutritional 
Assessment Questionnaire was completed. 10 ml of blood sample was also collected 
between 8:00 and 10:00. The 24 hours urine collection and dietary intake record were 
continued. TEE was determined on this day when subjects resumed their 
rehabilitation program. 
On day 4, urine collection was continued until 10:00 and the second 24-hour urine 



































































































































































II. Clinical Protocol 
A. Preparing the infusion 
A 0.5ml priming dose of [�‘C] urea (containing 6.0mg of urea and 0.22uCi of [^ "^ C] 
urea, U2, Department of Nuclear Medicine, Addenbrooke's Hospital, Cambridge) 
was given. 9ml of [ � � C ] bicarbonate solution (containing 50uCi of ["CJ-NaHCOs, 
0.2 Ig of sodium carbonate hydrated and 0.04g of sodium bicarbonate, SB2, 
Department of Nuclear Medicine, Addenbrooke's Hospital, Cambridge) was drawn 
by a 10ml plastic syringe under aseptic conditions. One rigid connecting end of the 
spiral extension tube (Lectrospiral, length 100cm, Vygon UK Ltd.) was connected to 
the 10ml syringe. The syringe was mounted onto the syringe driver (MS26, Graseby 
Medical Ltd.) and secured into place using a rubber holder. Then the whole system 
was weighed (ie. Pump + bicarbonate solution + spiral). The pump did not have a 
battery or battery cover and all the end caps of spiral were removed. It was weighed 
again at the end of 3 x 24-hour infusion. The difference between two weighs gave the 
exact amount of label infused. 
B. Inserting the subcutaneous cannula, and starting the infusion. 
Under aseptic condition, the priming dose of [^ "^ C] urea was slowly injected 
subcutaneously to the subject within 1 minute. Then a cannula (model 22G, Wallace, 
Colchester, UK) was inserted subcutaneously under a moderate amount of 
subcutaneous adipose tissue to minimize possible transcutaneous loss of label, and 
the position was fixed by micropore. A piece of transparent plastic adhesive tape was 
used to secure the cannula and part of the extensible rigid spiral extension tube. A 
previous study had shown that there is no loss of label through a closed system. 
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Afterwards, the infusion pump was then secured to the waist of the patient for 4 days 
until at 10:00 on day 4. 
C. Urine collection 
The urine collection was started at 08:00 on day 1 until at 10:00 on day 4. On day 1 
baseline urine specimen was collected between 08:00 and 16:00 before the infusion 
of [14c] bicarbonate solution. It was used for the measurement of basal specific 
activity of endogenous urea. After the infusion of [^ "^ C] bicarbonate, the urine 
collections, included two 24-hour urine collections were continued. The next urine 
collection was done between 16:00 (day 1) and 08:00 (day 2). On the subsequent 
days urine collection were done between 08:00 and 10:00, 10:00 and 08:00 on the 
next day until at 10:00 on day 4. The urea concentration, calcium concentration and 
creatinine concentration in these urine specimens were measured in the clinical 
laboratories of the Princess of Wales Hospital (PWH). 
D. Blood sample 
10 ml of venous blood sample of the subject was drawn between 08:00 and 10:00 on 
days 2, 3, and 4. The serum concentrations of urea, creatinine, iron, TIBC, 
magnesium, copper, zinc and albumin were determined by the clinical laboratories of 
the Prince of Wales Hospital. Urea pool size was determined from blood urea on 
each day. Change in urea pool size was determined from blood urea concentration. 
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III Laboratory Procedures 
A. Measuring the radioactivity of the infused bicarbonate solution 
Three accurately weighed samples (�0.25g) of "^^C bicarbonate were taken from the 
remaining infusion solution and transferred to scintillation vials. 2.5ml of hyamine 
hydroxide and 7ml of scintillant (Hionic Fluor; 6013319, Canberra Packard) were 
added add to the scintillation vials, mixed and radioactivity counted was done using a 
multi-purpose scintillation counter (Beckman LS6500). The total amount of i^C-
bicarbonate infused expressed as dpm, was calculated by multiplying the count per 
unit weight measured (dpm/g) with total weight infused over 66 hours. 
B. Measurement of specific activity of urea 
(i) Titration ofhyamine hydroxide solution 
Three samples of 1ml of hyamine hydroxide solution were transferred to scintillation 
vials and weighed. Four drops of phenolphthalein were added and then weighed. The 
hyamine hydroxide solution in the scintillation vials was then titrated with O.IN 
hydrochloric acid in an ice bath until the end point (the pink color of phenolphthalein 
changed to colorless) was obtained. Then the vials were weighed again. The amount 
of increase in weight of the hyamine hydroxide solution which is the weight of HCL 
required to saturate the hyamine, is equivalent to the capacity ofhyamine to trap CO2 
at saturation. 
The results of titration indicated that Ig of hyamine trapped approximately 1 mole of 
CO2 at saturation. 
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(ii) Urine radioactivity quantification 
The principle of determination of specific activity of urea is by the determination of 
specific activity of CO2 in urine sample. Several amount of urine sample is placed 
into the flask. A vial containing accurately weighed hyamine solution is put into a 
air-tight flask. Urease is then added to release CO2 from urea in the urine sample. As 
a result, the exact amount of CO2 absorbed by hyamine (in term of mmol) is known. 
The CO2 saturated hyamine solution, as indicated by a change of color of the pH 
indicator, is then counted by the scintillation count of radioactivity. As the CO2 is 
released from urine urea, the specific activity of CO2 absorbed by hyamine is equal to 
specific activity of urea inside the urine sample. 
(1) Removal of dissolved CO2 from urine 
As the experiment is aimed at measuring the specific activity of urine urea, dissolved 
CO2 in the urine sample has to be removed before the specific activity of urea in the 
sample could be determined. The volume of urine containing approximately 
12.5mmol urea [Volume of urine (ml) = 12.5/urine urea (mmol/L) x 1000] was added 
to a 500ml conical flask. Distilled water were added to the flask until a final volume 
of 200ml was reached. 100ml of IM pH 5.6 citrate buffer was added to the flask and 
mixed thoroughly. An airtight screw top was then firmly fixed while the side arm of 
the flask was connected to a vacuum pump for 60 min to remove all dissolved CO2 in 
the urine. 
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(2) Determination of specific activity of urea 
(a) Principle 
Specific activity of urea was determined in urine sample. Urine sample was treated 
by urease which breakdowns urea into ammonia and CO2. CO2 released from this 
reaction was trapped by a fixed amount of drying agent (hyamine). A pH indicator 
(phenolphthalein) was used to indicate when the hyamine solution was saturated by 
CO2. The CO2 saturated hyamine solution was then counted for radioactivity in dpm 
which quantify the amount of labeled CO2 inside the hyamine solution. 5g of 
hyamine solution is used in every experiment. The amount of CO2 trapped by 5g 
hyamine was determined by titration with acid (ie. Titration of hyamine hydroxide 
solution). 
(b) Laboratory procedure for the determination of specific activity of urea 
5ml of hyamine hydroxide was added to a pre-weighed scintillation vial and then 
weighed again. A few drops ( � 4 drops) of phenolphthalein, which acts as a pH 
indicator, were added to the vial. After 60 minutes, the pump was disconnected. The 
vial was suspended into the flask on a specially constructed wire platform that was 
attached to the cap of the flask. 2000 units of urease (1000 units/ml; urease powder 
from Jackbeans, U1500, obtained from Sigma Chemical) was added to the flask, 
which was then tightly sealed and placed on a horizontal shaker. 
After 90-120 minutes, when the hyamine-phenolphthalein solution decolorized 
indicating that it was saturated by CO2, the scintillation vial was removed from the 
flask. Extra 2.5ml of hyamine hydroxide was added to the vial to ensure that all the 
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absorbed CO2 remains in solution. Then 7ml of scintillant (Hionic Fluor, 601339, 
Canberra Packard) was added to the vial, the final pH was 10. The solution in the vial 
was thoroughly mixed and left uninterrupted for 1 hour before scintillation counting. 
There was undetectable loss of label from the vial over 1-2 days and only 1.0-1.5% 
over 4 months. 
The vial was then placed in a multi-purpose scintillation counter for counting of 
radioactivity in hyamine solution. Background radioactivity was subtracted from the 
total radioactivity of all test samples. 
Specific activity (dpm/mmol) was calculated by dividing the radioactivity (dpm) by 
the amount of CO2 trapped (mol) in the hyamine solution which was determined 
from the weight of hyamine used and CO2 capacity of hyamine determined in the 
previous titration experiment. 
IV. Measurement in Hospital 
A. Anthropometry 
All measurements made were the same as Subject and Method 1. BMI, FFM，AMC， 
and TBF were then derived. 
B. Indirect calorimetry 
(i) Principle 
REE and DIT were measured on each subject using a Datex deltatrac metabolic 
monitor which is a flow-through type of open circuit indirect calorimeter (Datex 
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Instrumentation Corporation, Helsinki, Finland). It comprises a canopy ventilated 
with room air by a constant flow rate generator, a differential paramagnetic oxygen 
analyzer, an infra-red carbon dioxide meter and a microprocessor for the calculation 
of oxygen consumption and carbon dioxide production. The principle of the 
measurement is that a stream of room air (40L/min) is drawn through the hood， 
which is mixed with the expired air, and is collected in the transparent canopy placed 
over the subject's head. The oxygen consumption and carbon dioxide production are 
calculated from the difference between incoming and outing oxygen and carbon 
dioxide. Minute by minute data on VO2, VCO2, respiratory quotient (RQ) and energy 
expenditure are provided. After correcting for 24-hrs urinary nitrogen, energy 
expenditure and fuel oxidation were calculated {Appendix II). The oxygen analyzer 
and carbon dioxide meter were calibrated before each measurements, and the 
accuracy of the systems was regularly tested with an ethanol combustion test 
(Appendix III - Flow calibration). 
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(ii) Measurement of REE 
REE was measured in the morning of day 2 (between 10:30 and 11:30) after an 
overnight fast. The subject was comfortably lying on the bed in supine position, with 
her head enclosed in the transparent canopy and was asked to remain completely 
quiet. The subject was allow to take a rest for 10 minutes. At the same time，gas 
calibration was done before the measurement by using a commercial calibration gas 
mixture of 95%02 and 5%C02. Afterwards, the measurement was started and lasted 
for about 25 minutes. The subject was asked to remain completely at rest. She did not 
watch television or listen to the radio and could not move or sleep during the 
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measurement. After initiating the measurement, the first 5 minutes were allowed for 
equilibrium of the system. The energy expenditure was measured subsequently until 
at least 15 minutes of steady state was obtained for REE determination. The 
measurement was carried out once for each patient. The measured REE was 
calculated from the equation which is shown in Appendix 11. 
(in) Measurement of DIT 
To determine the thermogenic effect of a single meal, postabsorptive BMR was 
measured. After having lunch, DIT was measured between 14:00 and 15:00 on day 2 
afternoon (2 hours later after lunch). The subject was asked to relax and lay supine on 
the bed. After taking 10 minutes bed rest, indirect calorimetry was repeated as for 
measurement of REE. The measurement lasted for about 35 minutes. 
C. Food supply and dietary record during the study 
During the periods of study, all food and beverages were provided by the hospital 
kitchen. Subjects consumed three standard meals and a snack per day. The meals 
meet RDAs for energy, which were controlled for fat, protein, and carbohydrate 
contents. Although the recommended dietary allowances were not expected to be an 
accurate reflection of the subjects' energy needs, they provided a basis for 
standardizing energy and nutrients intakes during the inpatient period. The meal, in 
average had about 1500 Kcal/day and was designed by dietitians in Shatin Hospital. 
Subjects were told to avoid taking their own food and beverage during the study. 
However, if they wish to do so, a detailed record of the food and its amount should 
be kept for later calculation of dietary intake. The portion size of each meal 
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consumed was recorded by the investigator. Amount of leftover was recorded using 
photographing. The snacks consumed were recorded on the input and output chart 
(I/O chart) by on-duty nurses. Food records were analyzed using the food 
composition program - Nutritionist 4 [Diet Analysis & Nutrition Evaluation 1993, N-
Squared Incorporated]. The energy intake per day was expressed as kilocalories. 
Food quotient (FQ) was calculated from the following equation: 
FQ = [(1.00 X %carbohydrate) + (0.81 x %protein) + (0..71 x %fat) + (0.67 x 
%alcohol)]/100 
where each nutrient is expressed as the percentage of the total kilocalories consumed 
[Horswill et al., 1992; Toth et al., 1997]. 
D. Record of physical activity in rehabilitation program 
The subjects participated in a pulmonary rehabilitation program on day 3 that 
included a standard activity program, such as gymnastics, unicycling, strength and 
stretching training and/or upper extremity training. Each subject might perform 
different sets of physical activities depending on their physical fitness and the 
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availability of equipments. The types and duration of physical activities were 
recorded by the investigator. The energy cost of physical activity spent by the 
subjects was calculated using the following equation: 
Energy cost of activity = METs x Body weight (kg) x no. of hours performed 
where METs (the ratio of work metabolic rate to resting metabolic rate) is the energy 
cost of the activity divided by resting energy expenditure [Ainsworth et al., 1993; 
Montoye et al, 1996]. 
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E. Questionnaire - Mini Nutritional Assessment Questionnaire 
The nutritional status of the subject was assessed by using a Mini Nutritional 
Assessment Questionnaire [Guigoz et al., 1996] which had been used in Part A of our 
study� 
V. Statistical Analysis 
Values were expressed as mean 土 SD. Differences between COPD patients and 
control subjects were analyzed by using a non-parametric test (Mann-Whitney test). 
Pearson's correlation coefficients were calculated to evaluate the relationship of 
measurements. A p-value of less than 0.05 was considered statistically significant. 
The statistical analysis was performed by the Statistical Package for Social Sciences 






4.1. Results of Part A of the Study 
Fifty-seven COPD patients with a mean age 73 士 7 years (twenty-five male COPD 
patients and thirty-two female COPD patients) participated in Part A of our study. 
Due to poor memory in five COPD patients, only fifty-two patients completed the 
dietary recall dairy {Table 1-1). 
4.1.1. Anthropometry 
The observed anthropometric data (n = 57) was also compared to published local 
reference data collected from community subjects [Leung et al., 1995; Woo et al” 
1988]. The patient characteristics are presented in Table 1-2. As a whole group, body 
weight, BMI, MAC, and triceps skinfold thickness were significantly lower in COPD 
patients (p < 0.001), when compared with the values from Hong Kong adult dietary 
survey reported by Leung et al., 1995 {Table 1-2). Furthermore, seventeen out of 
fifty-seven (29.8%) COPD patients were underweight which is defined as having a 
BMI below 18.5 kg/m (an index of chronic energy deficiency). 
When the anthropometric data between COPD patients and healthy elderly in Hong 
Kong were compared according to sex, the male COPD patients (n = 25) had lower 
BMI and MAC than the healthy, male elderly (p < 0.001) [Leung et al., 1995] {Table 
1-3). Although there was no significant difference in triceps skinfold thickness 
between male COPD patients and male elderly, it tended to be lower in male COPD 
patients. In addition, when we compared the anthropometric data with those obtained 
from healthy elderly in another survey [Woo et al., 1988], BMI, TBF and AMC were 
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lower in male COPD patients, while no significant difference in FFM was found 
between male COPD patients and healthy male elderly. 
BMI, MAC, and triceps skinfold thickness (p < 0.001) were also lower in female 
COPD patients (n = 32) when compared with the healthy, female elderly in Hong 
Kong [Leung et al., 1995] {Table 1-4). However, no significant difference in BMI, 
TBF and FFM was found when community-based data from another study was used 
[Woo et al., 1988]. A lower triceps skinfold thickness in female COPD patients 
suggested that the loss of fat mass occurred in COPD patients because the mean 
triceps skinfold thickness in female COPD patients was less than 18 mm, which was 
the 25 percentiles of reference value of aged 65-75 yrs [Williams, 1994]. Lack of 
difference in BMI and TBF found between COPD patients and healthy elderly might 
be due to the smaller sample size of patients in our study. 
4.1.2. Nutrient Intake 
When the results of nutrient intake of COPD patients was compared with values from 
Hong Kong adult dietary survey [Leung et al., 1995] (Table 1-5), the mean caloric 
intake of COPD patients was lower than that in the Hong Kong healthy elderly (1381 
士 492 Kcal/day vs 1940 土 606 Kcal/day) (p < 0.001). Secondly, this nutrition data 
was also compared with RDAs which was the reference intake recommendation 
provided by National Research Council Recommended Dietary Allowances revised 
in 1989 [Williams, 1994]. Thirty-three (63,5%) COPD patients (fourteen male and 
nineteen female COPD patients) had caloric intake below the RDAs of 30 
Kcal/day/kg. Fat intake was lower, while carbohydrates and protein intakes were 
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adequate in COPD patients. The average protein intake of COPD patients was 1.4 土 
0.7 g/day/kg of body weight. Even though the protein intake in COPD patients met 
the recommended value (1.0 g/day/kg of body weight) for adults aged above 50, four 
female COPD patients still had protein intake lower than 1.0 g/day/kg of body 
weight. For micronutrients, higher vitamin A, vitamin B2, niacin, vitamin C, calcium, 
phosphorus, iron and zinc intakes were observed in COPD patients when compared 
with Hong Kong healthy elderly [Leung et al., 1995]. There were no significant 
difference in other micronutrient intake, including vitamin Bi，vitamin D, and fibre 
between COPD patients and Hong Kong healthy elderly. 
As weight loss appeared to be more prominently among male COPD patients, the 
nutrient intake was separately analysed according to sex of the patients. The data 
were then compared to the dietary results of Leung et al. [1995] study. Among male 
COPD patients, the mean energy intake (1544 土 496 Kcal/day) was lower than Hong 
Kong healthy, male elderly. The lower caloric intake was accounted by a lower fat 
intake, while carbohydrate and protein intakes were sufficient in male COPD patients 
(Tab/e 1-6). Fat intake (19.7 士 7.6 %calories) in male COPD patients was lower 
(26.5%) than healthy control (26.8 士 6.5 %calories). Micronutrients intake were 
adequate in male COPD patients. When compared to RDAs, the male COPD patients 
had lower vitamin Bi, vitamin B2, calcium, and zinc intakes. The lower fat content of 
male COPD patient's diet was also recognised in Table 1-7 when it was compared to 
sex-specific RDAs. But they had adequate carbohydrate and protein intake {Table 1-
7). 
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Similarly, the caloric intake and fat intake in female COPD patients were 
significantly lower than community healthy elderly while carbohydrate and protein 
intake were comparable. When compared to local community values [Leung et al., 
1995], female COPD did not have insufficient intake of micronutrients (Table 1-8). 
However, by RDAs standard, female COPD patients could be classified as having an 
insufficient intake of vitamin Bi, Vitamin B2, calcium and zinc {Table 1-9). 
4.1.3. Caloric Balance 
The BMR in COPD patients, predicted by Harris-Benedicts' equation was 1072.6 土 
131.7 Kcal/day. The equation is shown in Appendix 11. Estimated TEE as 1.5 times 
the BMR was 1608.9 士 197.6 Kcal/day in these patients. The mean caloric intake in 
COPD patients was 1380.8 士 492.0 Kcal/day. Therefore, many of these patients 
would have a negative energy balance which accounted to an average of - 2 2 8 . 1 士 
458.2 Kcal/day {Table 1-10). The distribution of caloric balance in COPD patients is 
shown in Graph 1. 
When COPD patients with a significant negative caloric balance (< 500 Kcal/day) 
were compared to those without, blood [HCO3"] and PaCO! were lower among 
patients with a significant caloric deficit {Table 1-11). The other clinical parameters 
were not different between the two groups. The [HCO3"] and PaC02 positively 
correlated with caloric balance {Graph 2 and Graph 3). Those COPD patients with 
higher [HCO3"] or PaCOi tended to have a more positive caloric balance. There was 
no significant difference in Mini Nutritional Assessment Questionnaire between 
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patients with a significant negative caloric balance and patients without a significant 
negative caloric balance. 
4.1.4. M i n i Nutr i t ional Assessment Questionnaire 
The average total score obtained from Mini Nutritional Assessment Questionnaire in 
COPD patients was 23.0 土 3.2. Two COPD patients (including one male and one 
female patients) obtained the total scores below 17 points who might be classified as 
malnourished under this screening questionnaire. Thirty-one (including fifteen male 
and sixteen female) COPD patients had total scores within the range 17 to 23.5, 
indicating that they were nutritionally at risk. Twenty-one (including eight male and 
thirteen female) patients had total scores greater than or equal to 24，indicating that 
they were well-nourished. 
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4.2. Results of Part B of the Study 
Twelve COPD patients and seven controls participated in this part of our study. Only 
ten COPD patients and five controls completed the whole study because two COPD 
patients and controls did not have complete total energy expenditure measurement as 
their infusion cannula slipped out and was removed during the experiment period. 
Some of the subjects did not have all the measurements done as they refused at times. 
Therefore, only eight subjects had a DIT measurements. And dietary intake 
assessment was not performed in the first two cases {Table 2-1). Although some data 
were missing in these four subjects, anthropometry, REE and DIT of them were used. 
4.2.1. Anthropometric Data 
The demographic characteristics of the subjects are shown in Table 2-2. The age of 
COPD patients and control group were 74 ± 9 yrs and 76 土 9 yrs respectively. The 
weight of COPD patients and control group were 42.4 土 11.4 kg and 42.1 士 8.3 kg 
respectively. There was no difference in age and weight between COPD patients and 
control group. Eight COPD patients (66.7%) and three control subjects (42.9%) were 
also underweight (BMI < 18.5 kgW). No significant difference in BMI was found 
between COPD and control group. There were also no significant difference in MAC, 
biceps and triceps skinfold thickness between COPD patients and control groups. 
Even though the triceps skinfold thickness was not significantly different between the 
two groups, the mean triceps skinfold thickness of both groups were lower than 18 
mm (25 percentile of reference values of aged 65-75 yrs old) [Williams, 1994]. 
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However, when we compared the results of COPD patients with values from a larger 
local population survey of community-dwelling elderly (Woo et al., 1988), lower 
BMI and TBF were found in COPD patients. No significant difference in age, AMC 
and FFM was observed between the COPD patients and the local population {Table 
2-3), 
When the COPD patients were divided into two groups: BMI < 18.5 k g W and BMI 
^ 18.5 kg/m {Table 2-4), body weight, biceps and triceps skinfold thickness, MAC 
and AMC were lower in the patients with BMI < 18.5 kg/m�. However, there was no 
significant difference in fat-free mass between the two subgroups of COPD patients. 
4.2.2. REE 
The measured REE in COPD patients was 986.5 土 130.8 Kcal/day and the ratio of 
measured REE to predicted REE by Harris-Benedicts' equation was 1.0 ± 0.1. The 
calculated REE by Harris-Benedicts equation was positively correlated with the 
measured REE (r = 0.535, p < 0.05). The measured REE in control groups was 866.7 
士 188.1 Kcal/day. Positive correlation were found between MAC and REE (r = 
0.657; p < 0.05) and between AMC and REE (r 二 0.663; p < 0.05) in COPD patients. 
The equations of fuel oxidation, including carbohydrate, fat, and protein, are shown 
in Appendix II. There was no significant difference in the rate of substrate oxidation 
for carbohydrate, protein and fat {Table 2-5) between two groups. No significant 
difference in adjusted REE by FFM was found between COPD patients and control 
groups. There was also no difference in REE and adjusted REE by FFM between 
COPD patients with BMI < 18.5 k g W and BMI > 18.5 kg/m� {Table 2-11). 
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4.2.3. D IT 
DIT describes the phenomenon of a short period (2 to 4 hours) of increase in resting 
metabolic rate after meal. Therefore, post-prandial REE was measured and DIT was 
expressed as the ratio of post-prandial REE to BMR. Average DIT in normal subjects 
is about 1.1, indicating that a 10% increase in REE is found after meal [Poehlman, 
1993; Visser et al., 1995]. DIT ratio was 1.1 士 0.1 in COPD patients and 1.1 土 0.01 
in control groups. There were also no differences in carbohydrate oxidation, protein 
oxidation, fat oxidation and RQ after meal between COPD patients and control 
groups {Table 2-6). There was also no significant difference in DIT between the two 
subgroups of COPD patients with BMI < 18.5 kg/m^ and BMI > 18.5 kg/m^ (Table 2-
iiy 
4.2.4. Nutrient intake 
The average energy intakes of COPD patients and control group were 1202.2 士 334.3 
Kcal/day and 1185.5 士 188.0 Kcal/day respectively {Table 2-7). The average caloric 
intake in COPD patients was 31.0 士 12.6 Kcal/kg of body weight and this value 
meets the RDAs for adults of 30 Kcal/kg of body weight. A similar average caloric 
intake was found in the control groups (28.8 士 6.3 Kcal/kg of body weight). The 
average protein intake was similar between two groups, 1.5 士 0.6 g/kg of body 
weight in COPD patients and 1.4 土 0.3 g/kg of body weight in control group. The 
protein intake in both groups met the recommended value 0.8 g/kg of body weight. 
There was no significant difference in intakes of carbohydrate, protein and fat, and 
nitrogen balance between two groups. 
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4.2.5. TEE 
The mean TEE on day 2 (TEEl: total daily energy expenditure on resting day) and on 
day 3 (TEE2: total daily energy expenditure on exercise day) was not significantly 
different between COPD patients and control group. They spent about 1500 kcal 
energy per day {Table 2-8). There was also no significant difference in TEEl and 
TEE2 adjusted by FFM between COPD patients and controls {Table 2-8). Positive 
correlations were found between MAC and TEEl (r = 0.749, p < 0.05) and between 
FFM and TEEl (r = 0.751, p < 0.05) in the COPD patients. Moreover, AMC was 
positively correlated with TEEl (r = 0.867; p < 0.01) in COPD patients. Positive 
correlation was found between REE and TEEl (r = 0.799; p < 0.01). 
Physical activity level (PAL) is the ratio of total energy expenditure to resting energy 
expenditure. The values of PAL on day 2 (PALI) and that on day 3 (PAL2) in COPD 
patients were 1.5 土 0.2 and 1.6 土 0.2 respectively and there was no significant 
difference between two days. Activity related energy expenditure (AEE) in COPD 
patients on day 2 and 3 (AEEl and AEE2), which is the difference between TEE and 
REE and represents the energy spent in physical activity, were around 506.0 土 254.5 
Kcal/day on day 2 and 566.3 士 240.9 Kcal/day on day 3. Manual recording of energy 
spent during rehabilitation exercise was 155.1 + 111.0 Kcal/day. AMC was positively 
correlated with PALI (r = 0.68; p < 0.05) and AEEl (r = 0.823; p < 0.01) in COPD 
patients. There were also no significant difference in TEEl, TEE2, PALI and PAL2 
between the COPD patients with BMI < 18.5 kg/m� and BMI > 18.5 kg/m� {Table 2-
77). 
7 7 
4.2.6. Caloric balance 
The mean TEE of two days in COPD patients was 1532.7 土 277.2 Kcal/day. The 
average energy intake of three days in COPD patients was 1202.2 土 334.3 Kcal/day. 
So a negative energy balance was resulted with an average caloric deficit of 330 
Kcal/day {Table 2-10). A negative energy balance was found in 7 out of 8 COPD 
patients. The negative energy balance was also resulted in control subjects. 
4.2.7. M i n i Nutr i t ional Assessment Questionnaire 
There was no significant difference in the score obtained from Mini Nutritional 
Assessment Questionnaire between COPD patients and control groups (19.6 土 1.8 vs 
22.9 士 4.9). However, all eight COPD patients and another three control subjects had 
a total score within the range of 17 to 23.5 points and might be classified as 
nutritionally at risk for malnutrition. 
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Table 1 -7 
Number of Subjects Participated in Part A of the Study 
Male COPD Female COPD Total 
Anthropometric measurements 25 32 57 
24-hours dietary recall 23 29 52 
Mini Nutritional Assessment 23 29 52 
Questionnaire 
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Table 1 -7 
Anthropometric Indices between COPD Patients and Healthy 
Elderly in Hong Kong 
“ COPD patients HK healthy elderly 
[Leung et al., 1995] 
T " ^ Tn> 
Age, yrs 73 ± 7 >55 
Weight, kg *49.6 土 10.0 61.3 土 10.5 
Height, cm *153.9±9.4 156.6 ±7.8 
BMI, kg/m^ 土 4.9 25.0 ±3.7 
MAC, cm *24.4 土 4.0 27.4 ±3.0 
AMC, cm 20.2 士 2.7 -
Triceps skinfold thickness, mm * 13.3 ± 6.5 18.3 土 9.1 
Values are mean土SD. 
Definition of abbreviations: 
COPD = chronic obstructive pulmonary disease; 
n = number of subjects; 
BMI = Body Mass Index; 
MAC = mid-arm circumference; 
AMC = arm-muscle circumference. 




























































































































































































































































































































































































































































































































































































































































































































Nutrient Intake between COPD Patients and Healthy Elderly in 
Hong Kong 
COPD Healthy elderly 
[Leung et al., 1995] 
V 52 ^ 
Calories, Kcal/day * 13 81 士 492 1940 ± 606 
Protein, 
g/1000 Kcal 50.4 土 12.2 44.6 土 7.9 
g/kg/day 1.4 ±0.7 -
Fat, 
g/1000 Kcal *21.1 土 8.9 29.9 土 6.5 
% of total calories * 1 9 . 0 土 8 . 0 2 6 . 9土 5 . 9 
Carbohydrate, g/1000 Kcal 153.9 土 25.3 141.0 土 19.6 
Vitamin A，IU/1000 Kcal 2957 土 2720 2410 ± 1601 
Vitamin Bi, mg/1000 Kcal 0.49 土 0.20 0.47 士 0.12 
Vitamin B2, mg/1000 Kcal 0.67 士 0.37 0.51 ± 0.15 
Niacin, mg/1000 Kcal 10.1 士 6.7 8.2 土 2.1 
Vitamin C, mg/1000 Kcal 155.3 士 136.1 88.3 士 55.0 
Vitamin D, |Lig/1000 Kcal 6.4 士 10.3 6.0 士 7.9 
Calcium, mg/1000 Kcal 465.2 土 310.7 302.8 土 120.3 
Phosphorus, mg/1000 Kcal 637.5 土 218.2 531.6 土 92.5 
Iron, mg/1000 Kcal 13.7 士 9.6 8.0 ±2.1 
Zinc, mg/1000 Kcal 7.0 ±2.3 5.8 ±2.1 
Fibre, g/1000 Kcal 4.8 土 4.8 4.5 土 1.9 
Values are mean±SD. Definition of abbreviations: COPD: chronic obstructive 
pulmonary disease; n = number of subjects. 
* Nutrient of significantly lower intake in COPD patients (p<0.05). 
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Table 1-6 
Nutrient Intake between Male COPD Patients and Healthy, 
Male Elderly in Hong Kong 
“ Male COPD Healthy male elderly 
[Leung et al.，1995] 
n ^ 135 
Calories, Kcal/day * 1544 土 496 2222 士 604 
Protein, 
g/1000 Kcal 49.3 ± 11.3 44.2 ± 7.6 
g/kg/day 1.5 ±0.7 -
Fat, 
g/1000 Kcal *21.9 土 8.4 29.8 ± 7.3 
% calories *19.7±7.6 26.8 ± 6.5 
Carbohydrate, g/1000 Kcal 152.1 ± 21.4 141.1 ± 21.1 
Vitamin A, IU/1000 Kcal 2489 ±2781 2169 土 1540 
Vitamin Bi, mg/1000 Kcal 0.45 土 0.19 0.46 士 0.12 
Vitamin B2, mg/1000 Kcal 0.59 士 0.30 0.48 士 0.14 
Niacin, mg/1000 Kcal 9.5 ± 5.9 8.0 士 2.0 
Vitamin C, mg/1000 Kcal 121.8 土 123.6 73.3 土 43.5 
Vitamin D，)ag/1000 Kcal 7.5 ± 11.1 5.8 士 7.4 
Calcium, mg/1000 Kcal 382.6 士 264.7 278.3 土 107.9 
Phosphorus, mg/1000 Kcal 577.2 ± 183.3 518.1 ± 86.1 
Iron, mg/1000 Kcal 13.1 ± 11.0 7.7 士 1.9 
Zinc, mg/1000 Kcal 6.9 士 2.3 5.8 士 2.0 
Fibre, g/1000 Kcal 4.8 土 6.1 4.0 土 1.9 
Values are meanlSD. Definition of abbreviations: COPD: chronic obstructive 
pulmonary disease; n = number of subjects. 
Nutrient of significantly lower intake in COPD patients (p<0.05). 
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Table 1 -7 
Comparison of Nutrient Intake between Male COPD Patients and 
RDAs 
Male COPD RDAs ^ ^ 
fulfillment 
Carbohydrate, % energy/day 60.9 土 8.6 60 102 
Protein, g/day 77 土 36 63 122 
Fat, % energy/day *19.7±7.6 <30 66 
Vitamin A, lU/day 3611 ±3852 1000 361 
Vitamin Bi, mg/day *0.7±0.3 1.2 58 
Vitamin B2, mg/day *0.9 土 0.4 1.4 64 
Niacin，mg/day 15.3 ± 13.5 15 102 
Vitamin C, mg/day 176 ± 146 60 293 
Vitamin D, |ag/day 11.7 ± 16.7 5 234 
Calcium, mg/day *593 ±456 800 74 
Phosphorus, mg/day 889 ±440 800 111 
Iron, mg/day 21 士 25 10 210 
Zinc，mg/day *10.7±5�2 15 71 
Values are mean±SD. Definition of abbreviations: COPD = chronic obstructive 
pulmonary disease; n= number of subjects. 
* Mean intake was lower than RDAs [Williams, 1994] (p < 0.05). 
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Table 1-8 
Nutrient Intake between Female COPD Patients and Healthy, 
Female Elderly in Hong Kong 
Female COPD Healthy female elderly 
[Leung et al., 1995] 
Calories, Kcal/day *1251 士 456 1653 士 455 
Protein, 
g/1000 Kcal 51.2 ±13.0 45.1 ±8.2 
g/kg/day 1.4 ±0.7 -
Fat, 
g/1000 Kcal *20.4±9.3 30.0 ±5.6 
% calories *18.4±8.4 27.0 ±5.1 
Carbohydrate, g/1000 Kcal 155.4 士 28.3 140.9 士 18.1 
Vitamin A, IU/1000 Kcal 3328 土 2661 2656 士 1629 
Vitamin Bi, mg/1000 Kcal 0.52 土 0.21 0.48 士 0.13 
Vitamin B2，mg/1000 Kcal 0.73 土 0.41 0.55 土 0.16 
Niacin, mg/1000 Kcal 10.6 土 7.3 8.3 土 2.1 
Vitamin C, mg/1000 Kcal 181.9 ± 141.7 103.7 土 61.1 
Vitamin D, i^g/lOOO Kcal 5.3 士 9.7 6.2 士 8.3 
Calcium, mg/1000 Kcal 530.7 土 332.8 327.9 士 127.4 
Phosphorus, mg/ 1000 Kcal 685.3 士 234.5 545.4 土 96.9 
Iron, mg/1000 Kcal 14.2 土 8.5 8.3 ±2.3 
Zinc, mg/1000 Kcal 7.0 ±2.3 5.8 ±2.3 
Fibre, g/1000 Kcal 4.8 ±3.7 4.9 ±1.9 
Values are mean±SD. Abbreviations: COPD: chronic obstructive pulmonary disease; n = 
number of subjects. * Nutrient of significantly lower intake in COPD patients (p < 0.05). 
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Table 1 -7 
Comparison of Nutrient Intake between Female COPD Patients and 
RDAs 
Female COPD RDAs % of fulfillment 
"n “ ^ 
Carbohydrate, % energy/day 62.1 ± 11.3 >60 104 
Protein, g/day 65 士 31 50 130 
Fat, % energy/day *8.4 ± 8.4 <30 28 
Vitamin A, lU/day 4284 ± 3999 800 536 
Vitamin Bi, mg/day *0.7 ± 0.5 1.0 70 
Vitamin B2, mg/day *0.9 土 0.7 1.2 75 
Niacin，mg/day 13.6 ±11.8 13 105 
Vitamin C, mg/day 236 土 213 60 393 
Vitamin D, jLig/day 7.2 ±13.2 5 144 
Calcium, mg/day *681±528 800 85 
Phosphorus, mg/day 873 ±468 800 109 
Iron, mg/day 18 ±14 10 180 
Zinc, mg/day *9.0±5.0 12 75 
Values are mean+SD. Definition of abbreviations: COPD = chronic obstructive 
pulmonary disease; n= number of subjects. 
* Mean intake was lower than RDAs [Williams, 1994] (p < 0.05). 
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Table 1-10 
Caloric Balance in COPD Patients 
~ COPD 
~ 一 ~ 一 ^ 
Age, yrs 7 3 士 7 
BMR predicted by Harris-Benedicts' equation, Kcal/day 1072.6 士 131.7 
Estimated TEE by BMR (= BMR x 1.5) 1608.9 士 197.6 
Caloric intake, Kcal/day 1380.8 土 492.0 
Energy balance, Kcal/day -228.1 ±458.2 
Values are mean士SD. 
Definition of abbreviations: 
COPD: chronic obstructive pulmonary disease; 
n = number of subjects; 
BMR = basal metabolic rate; 
TEE = total energy expenditure. 
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Table 1-11 
Comparison of Clinical Parameters between COPD patients with or 
without a Significant Negative Caloric Balance 
COPD without significant COPD with significant -ve 
-ve caloric balance caloric balance 
~n W 14 
Age, yrs 73 土 7 72 土 7 
Weight, kg 50.1 土 9.0 50.6 士 12.5 
Height, cm 154.3 ±9.8 153.1 ±8.8 
BMI, k g W 21.3 土 4.6 21.7 士 5.5 
PFR, 1/min 170.9 ±63.1 144.6 ±46.1 
O2 saturation, % 94.2 土 4.2 95.4 士 2.5 
PH 7.4 土 0.05 7.4土 0.05 
Pa02, kPa 10.8 士 3.2 11.1 土 1.9 
PaCOi, kPa 6.4 ±1.6 *5.5±0.8 
[HCO3-], mmol/L 2 8 . 5 土 5.2 *25.3 土 4 . 5 
MNAQ 23.0 ±3.1 23.5 ±3.1 
Values are mean±SD. Definition of abbreviations: COPD: chronic obstructive 
pulmonary disease; -ve caloric balance = negative caloric balance; n = number of 
subjects; PFR = peak flow rate; O2 saturation = oxygen saturation in blood; MNAQ = 
Mini Nutritional Assessment Questionnaire. 
Mean values were significantly lower in COPD with significant negative caloric 
balance (p < 0.05). 
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Table 2-1 
Number of Subjects Participated in Part B of the Study 
“ Female COPD Controls 
Anthropometric measurements 12 7 
REE measurement 12 7 
DIT measurement 8 7 
Dietary intake measurement 10 7 
TEE measurement 10 5 
Energy balance measurement 8 5 
Questionnaire Assessment 8 7 
Definition of abbreviations: 
REE = resting energy expenditure; 
DIT = diet-induced thermogenesis; 
TEE = total energy expenditure. 
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Table 1 -7 
Anthropometric Data of COPD Patients and Control Group 
COPD patients Controls 
" n ‘ 12 7 
Age, yrs 74 土 9 76 ± 9 
Height, cm 149.2 士 5.9 148.1 士 8.2 
Weight, kg 42.4 土 11.4 42.1 土 8.3 
BMI, kg/m^ 19.2 ±5.8 19.5 ±4.8 
m a c , cm 22.3±4.5 23.2 ±4.8 
Biceps, mm 7.7 土 6.8 5.8士 2.8 
Triceps, mm 12.2 土 8.4 14.6 士 6.6 
TBF, kg 12.3 土 7.8 12.7 土 5.2 
FFM-SF, kg 30.1 ±5.3 29.4 土 3.9 
AMC 19.8 ±3.5 21.4 土 4.4 
Values are mean 士 SD. 
Definition of abbreviations: 
COPD = chronic obstructive pulmonary disease; n = number of subjects involved; 
BMI = body mass index (weight/height^); MAC = mid-arm circumference; TBF = 
total body fat; FFM-SF = fat-free mass estimated by skinfold thickness; AMC = arm 
muscle circumference. 
Between COPD and controls, Mann-Whitney Test: *p < 0.05. 
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Table 1 -7 
Anthropometry between Female COPD Patients & Healthy，Female 
Elderly in Hong Kong 
Female COPD HK healthy, female e l d e r l y “ 
[Woo et al., 1988] 
~ 12 Vs 
Age, yrs 74 士 9 70 -74 
BMI, kg/m^ *19.2 土 5.8 22.5 ±4.3 
AMC, cm 19.8 ±3.5 20.1 土 2.1 
FFM, kg 30.1 ±5.3 32.6 士 4.7 
TBF, kg � 2 . 3 ± 7 . 8 17.3 土 6.2 
� Values are mean 土 SD. 
Definition of abbreviations: 
COPD = chronic obstructive pulmonary disease; 
n = number of subjects involved; 
BMI = body mass index (weight/height^); 
AMC = arm muscle circumference; 
FFM = fat-free mass; 
TBF = total body fat. 
Between COPD and HK healthy elderly, Mann-Whitney Test: < 0.05. 
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Table 1 -7 
Anthropometric Data of COPD Patients with BMI < 18.5 kg/m^ and 
BMI > 18.5 kg/m^ 
"“ COPD with B M K 18.5 COPD with BMI > 18.5 
~ n 一 7 5 
Age, yrs 74 ± 10 75 土 9 
Height, cm 151.1 土 6.1 146.6 土 5.1 
Weight, kg ""SS.GtS.O 51.9 ±11.4 
m a c , cm ""19.3 士 1.5 26.4 土 3.9 
Biceps, mm *3.8 土 1.5 13.1 士 7.8 
Triceps, mm *8.1 士 3.4 18.0 士 10.3 
TBF, kg *8.0 士 2.3 18.4 土 8.9 
FFM-SF, kg 27.6 土 4.0 33.5 ±5.3 
AMC 土 1.6 22.3 士 4.3 
Values are mean 土 SD. 
Definition of abbreviations: 
COPD = chronic obstructive pulmonary disease; n = number of subjects involved; 
BMI = body mass index (weight/height^); MAC = mid-arm circumference; TBF = 
total body fat; FFM-SF = fat-free mass estimated by skinfold thickness; AMC = arm 
muscle circumference. 
*Mean value significantly lower in COPD with BMI < 18.5 k g W (p < 0.05). 
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Table 1 -7 
Resting Energy Expenditure (REE) 
“ COPD patients Controls 
" n 12 7 
predicted REE, Kcal/day 981.6土 115.7 971.0±93.5 
measured REE, Kcal/day 986.6 土 130.8 866.7 ±188.1 
CHO oxidation, g/day 138.0 士 57.6 137.6 士 36.4 
PRO oxidation, g/day 50.9 士 44.6 43.1 ± 10.0 
# Lipogenesis, g/day -12.8 ±31.0 0.9 士 21.8 
RQ 0.9 ±0.01 1.0 ±0.01 
measured REE/ predicted REE 1.0 ± 0.1 0.9 士 0.2 
adjusted REE, Kcal/day/kg 33.4 ±5.9 29.7 士 6.1 
Values are mean 士 SD. 
Definition of abbreviations: 
COPD = chronic obstructive pulmonary disease; 
n = number of subjects; 
CHO = carbohydrate; 
PRO = protein; 
RQ = respiratory quotient; 
predicted REE = resting energy expenditure predicted by the Harris-Benedicts' 
equation; 
measured REE = resting energy expenditure measured by indirect calorimetry with a 
ventilated hood system; 
adjusted REE = measured REE divided by FFM. 
M The positive values indicate that fat synthesis occur and the negative values indicate 
that fat oxidation occur. • * 
Between COPD and controls, Mann-Whitney Test: p < 0.05. 
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Table 2-6 
Diet-Induced Thermogenesis (DIT) 
COPD patients Controls 
"n" 8 7 
DIT/measured REE 1.1 ± 0.1 1.1 土 0.01 
CHO oxidation, g/day 160.0 士 115.4 168.4 土 33.6 
PRO oxidation, g/day 31.2 ±34.8 37.1 士 25.0 
# Lipogenesis, g/day 5.1 土 28.3 1.0 士 19.0 
RQ 1.0 ±0.01 1.0 ±0.01 
Values are mean 土 SD. 
Definition of abbreviations: 
COPD = chronic obstructive pulmonary disease; 
n = number of subjects; 
DIT = diet-induced thermogenesis; 
CHO = carbohydrate; 
PRO = protein; 
RQ = respiratory quotient; 
DIT/measured REE = the ratio of DIT and measured REE. 
n 
The positive values indicate that fat synthesis occur and the negative values indicate 
that fat oxidation occur. 
Between COPD and controls, Mann-Whitney Test: *p < 0.05. 
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Table 1 -7 
Nutrient Intake 
COPD patients Controls 
~n 10 7 
Energy intake, Kcal/day 1202.2 土 334.3 1185.5 士 188.0 
Energy intake, Kcal/kg/day 31.0 ± 12.6 28.8 土 6.3 
CHO intake, g/day 163.8 土 52.4 158.1 土 26.2 
PRO intake, g/day 58.5 土 17.5 59.2 土 8.5 
PRO intake, g/kg/day 1.5 ± 0.6 1.4 土 0.3 
FAT intake, g/day 36.0 ±8.7 33.3 ±7.0 
RQ 0.9 ±0.001 0.9 ±0.001 
Protein nitrogen intake, g/day 9.6 ±3.2 9.7 ± 1.6 
Urine urea nitrogen, g/day 6.3 ±2.6 6.6 ± 2.1 
Nitrogen balance, g/day 0.3 ±2.8 -1.2 土 5.1 
Values are mean 士 SD. 
Definition of abbreviations: 
COPD = chronic obstructive pulmonary disease; 
n = number of subjects involved; 
CHO 二 carbohydrate; 
PRO 二 protein. 
Between COPD and controls, Mann-Whitney Test: *p < 0.05. 
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Table 2-8 
Comparison of Total Daily Energy Expenditure (TEE) between 
COPD Patients and Controls 
COPD patients Controls 
" n 10 5 
TEE 1, Kcal/day 1508.1 ±332.7 1568.4 ±251.6 
t e e 2, Kcal/day 1568.4 ±251.6 1579.4 士 344.7 
mean TEE, Kcal/day 1532.7 士 277.2 1654.5 土 390.5 
adjusted TEE 1 by FFM, 48.4 土 7.2 58.2 士 16.2 
Kcal/day/kg 
adjusted TEE 2 by FFM, 51.0 土 7.9 53.9 土 14.3 
Kcal/day/kg 
mean adjusted TEE, Kcal/day/kg 49.7 土 6.9 56.0 ±14.1 
Values are mean 士 SD. 
Definition of abbreviations: 
COPD 二 chronic obstructive pulmonary disease; 
n = number of subjects involved; 
TEEl = total daily energy expenditure without exercise on day 2 (resting day); 
TEE2 = total daily energy expenditure with exercise on day 3 (exercise day). 
Between COPD and controls, Mann-Whitney Test: *p < 0.05. 
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Table 2-9 
Total Daily Energy Expenditure (TEE) 
“ 'COPD patients 
^ 1 0 
TEE 1, Kcal/day 1508.1 ±332.7 
TEE 2, Kcal/day 1568.4 ±251.6 
Average TEE, Kcal/day 1532.7 士 277.2 
PALI 1.5 土 0.2 
PAL 2 1.6 ±0.2 
AEE 1, Kcal/day 506.0 士 254.5 
AEE 2, Kcal/day 566.3 士 240.9 
EEPA, Kcal/day 155.1 ±111.0 
REE/TEE, % 65.2 土 0.8 
Values are mean 士 SD. 
Definition of abbreviations: 
COPD = chronic obstructive pulmonary disease; 
n = number of subjects involved; 
TEEl = total daily energy expenditure without exercise on day 2 (resting day); 
TEE2 = total daily energy expenditure with exercise on day 3 (exercise day); 
PALI = physical activity level on day 2 (resting day); 
PAL2 = physical activity level on day 3 (exercise day); 
AEE1= activity related energy expenditure on day 2 (resting day); 
AEE2 = activity related energy expenditure on day 3 (exercise day); 
EEPA = energy expenditure on physical activity on day 3 (exercise day); 
REE/TEE = resting energy expenditure divided by average TEE x 100. * 
There was no significant difference of mean values between COPD patients and 




“ COPD Controls 
8 5 
Average TEE (2 days), Kcal/day 1532.7 士 277.2 1654.5 土 390.5 
Dietary intake (3 days), Kcal/day 1202.2 士 334.3 1185.5 土 188.0 
Energy balance, Kcal/day -362.5 土 262.4 -436.3 土 391.0 
No. of patients had negative energy 7 (85.7%) 5 (100%) 
balance 
Values are mean 土 SD. 
Definition of abbreviations: 
COPD = chronic obstructive pulmonary disease; 
n = number of subjects involved; 
TEE = total energy expenditure. 
Between COPD and controls, Mann-Whitney Test: < 0.05. 
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Table 2-11 
Comparison of REE, DIT, TEE & Energy Balance between COPD 
Patients with BMI < 18.5 kg/m^ & BMI > 18.5 kg/m^ 
COPD patients w i t h C O P D patients with 
BMI <18.5 BMI >18.5 
~n 8 5 
measured REE, Kcal/day 929.9 土 93.5 1065.9 士 143.1 
adjusted REE by FFM, Kcal/day/kg 34.4 ±6.8 32.1 土 4.6 
DIT/measured REE 1.1 士 0.1 1.1±0.01 
TEEl, Kcal/day 1320.0 土 222.0 1696.2 士 333.7 
TEE2, Kcal/day 1517.8 ± 197.0 1619.0 ±311.9 
Average TEE (2 days), Kcal/day 1418.9 士 205.0 1646.5 土 313.9 
PALI 1.5 ±0.2 1.6 ±0.2 
PAL2 1.7 ±0.2 1.5 ±0.3 
Values are mean 士 SD. 
Definition of abbreviations: 
COPD = chronic obstructive pulmonary disease; 
n = number of subjects involved; 
adjusted REE = measured resting energy expenditure adjusted by fat-free mass; 
DIT 二 diet-induced thermogenesis; 
TEEl = total daily energy expenditure without exercise on day 2 (resting day); 
TEE2 = total daily energy expenditure with exercise on day 3 (exercise day); 
PALI = physical activity level on day 2 (resting day); 
PAL2 = physical activity level on day 3 (exercise day). 
Between COPD and controls, Mann-Whitney Test: *p < 0.05. 
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Graph 1: The distribution of caloric balance in COPD patients. 
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Graph 3: The relationship between caloric balance and PaC02 in COPD patients. 
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5. DISCUSSION 
5.1. Anthropometry in COPD Patients 
The anthropometric data in COPD patients were compared with the results of two 
local surveys [Leung et al., 1995; Woo et al., 1988], although the age range was not a 
perfect match with one study [Leung et al., 1995]. However, there was no better local 
data than these two reports. This study showed that nutritional status as indicated by 
anthropometry of COPD patients was poorer than Hong Kong healthy elderly. It was 
particularly alarming that nearly one out of three COPD patients were grossly 
underweight (BMI < 18.5 kg/m^). The prevalence of severe underweight was even 
higher among the male patients. 
This study tried to determine if weight loss in COPD patients occurred predominantly 
in the body fat or the fat-free component, which was primarily composed of muscle 
mass. As a whole group, lower BMI, MAC, triceps skinfold thickness were found in 
COPD patients when compared with Hong Kong healthy elderly [Leung et al., 1995]. 
The limitation of an imperfect age-match in comparing to Leung et al. [1995] study 
was noted. The advantage of comparing to data from Leung's study was that it was a 
community-based study including subjects covering whole range of age, and it 
avoided the problem of systemic bias of using a hospital control group. However, in 
Leung's study, the statistics of anthropometric parameters for elderly were only 
grouped as greater than 55 years old without further age group subdivisions, while 
the mean age of COPD patients studied here was 73 土 7. Therefore, data from 
another local community study on healthy elderly was used [Woo et al., 1988]. The 
second data-set could be criticized as being collected ten years ago but we did not 
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observe any dramatic change in nutrition status in Hong Kong over that period and 
therefore, it should still reflect the present situation. In Woo's study [1988], data 
from the age group (age 70-74) were used for comparison. 
When anthropometric data were compared with Woo's study [1988] after dividing by 
sex, lower BMI and TBF were still observed among the male COPD patients. But no 
significant difference in BMI and TBF was found in female COPD patients. It 
indicated that the lower weight in COPD patients could be partially accounted by loss 
of body fat, especially among male patients. There was little loss of fat-free mass/ 
muscle mass. The first parameter used for estimation of fat-free mass were based on 
skinfold thickness (FFM-SF), which was determined from an equation using various 
skinfold thickness and body weight (the equation was shown in Appendix II), showed 
no significant difference between COPD patients and community elderly. However, a 
second parameter, AMC, which estimated the volume of muscle bulk in the upper 
arm showed 6% lower value among COPD patients. It may suggest that there was a 
localized muscle wasting but overall fat-free mass was still preserved in male COPD 
patients. 
Female COPD patients had a better anthropometry, as indicated by the mean BMI of 
22.4 whereas the mean BMI of male COPD patients was 19.5. A similar mean BMI 
was also found in Woo's study [1988] involving healthy elderly women between 70 
and 74 years old. Therefore, when body weight were further divided into fat and fat-
free components, there was no difference between female COPD and community 
elderly. The difference found in the anthropometry between female patients and 
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healthy female elderly when the data were compared to Leung's study [1995], may be 
due to a lower age range of subjects in Leung's study [1995] and the fact that 
anthropometric status decreases with aging. 
5.2. Caloric and Nutrient Intakes in COPD Patients 
When the mean caloric intake of COPD patients was compared to healthy elderly, a 
significantly lower caloric intake was found. The mean caloric intake of COPD 
patients is only about 71% of that in healthy elderly. The lower caloric intake was 
largely accounted by a lower fat intake. In fact, the fat density of food taken by 
COPD patients was also significantly lower than healthy elderly, indicating that 
COPD patients tended to take less high-fat content food. For example, only 19% of 
total caloric intake in COPD patients was fat while among healthy elderly, the figures 
was 27%. 
On the other hand, protein intake was adequate in COPD patients. These findings 
were also observed by Morley [1997]. He found that the major decrease in food 
intake in older persons was a decrease in fat intake rather than carbohydrates or 
protein. Adequate protein intake was important to COPD patients to maintain FFM 
and muscle mass since the loss of FFM would contribute to impairment of ventilation 
in these patients [Pingleton and Harmon, 1987]. Furthermore, this study showed that 
most micronutrient intake was not deficient in COPD patients, except intakes of 
vitamin Bi, vitamin B2, and calcium, and zinc. However, intakes of these four 
micronutrients were also lower in healthy elderly in Hong Kong in general. Thus, it 
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may only represents a local dietary preference which is different from the Caucasians, 
from which the RDAs was developed. 
When COPD patients were ftirther divided by sex. The pattern of lower caloric intake 
was different between two sexes. The caloric intake of male COPD patients was 69% 
of the healthy, male elderly in Hong Kong. The difference was also largely accounted 
by a lower intake of fat content of diet. Other potential nutrient deficient were 
vitamin Bi and Bi, calcium and zinc intakes in male COPD patients. 
A less marked difference in caloric intake was found in female patients (caloric 
intake was 76% of healthy, female elderly). This lower caloric intake was also 
accounted by a lower fat content of diet. Similarly, vitamin Bi and Bi, calcium and 
zinc intakes in female COPD patients were also lower than RDAs. 
Deficiency in vitamin Bi may cause beriberi _ muscle weakness, gastrointestinal 
disturbances, and neuritis since it acts as a coenzyme in key reactions that produce 
energy from glucose or that convert glucose to fat for tissue energy storage. In 
addition, deficiency of vitamin B2 leads to ariboflavinosis, which includes a 
combination of symptoms centering on inflammation reaction and wound healing. 
The important sources of vitamin B2 is milk or organ meats such as liver, kidney, and 
heart, whole or enriched grains, and vegetables. On the other hand，the deficiency in 
zinc may cause sensory impairment including, taste and smell defects, and reduced 
immune function in COPD patients. The best sources of zinc are seafood (especially 
oysters), meat, and eggs. Insufficient intake of calcium might be due to the low intake 
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of milk or milk products. A prolonged insufficient intake of calcium may cause 
osteoporosis in these patients [Williams, 1994]. As these micronutrients may 
adversely affect the function of COPD patients, supplements may be indicated 
though a biological or functional deficiency cannot be established by the dietary data. 
Further studies looking into the possibility of functional deficiencies of these 
micronutrients are indicated. 
5.3. Resting Energy Expenditure (REE) 
No resting hypermetabolism was found in COPD patients in our study using a 
definition of resting energy expenditure greater than 10% above the value predicted 
by Harris-Benedicts' equation [Green and Muers, 1992]. This equation took into 
account the patients' age, gender, height and weight. In our study, the ratio of 
measured REE to predicted REE by Harris-Benedicts' equation in COPD patients 
was 1.0 which showed that measured REE was similar to the predicted one. This 
finding was similar to the study of Ryan et al. [1993], which showed a similar REE 
between COPD patients and control. However, two other studies showed an elevated 
BMR in COPD patients [Green and Muers, 1992; Schols et al., 1991]. In these two 
studies, REE in COPD patients was 114% of REE in control, which amounted to 
�lOOKcal/day higher. 
The discrepancy in REE results from different studies may be due to difference in 
patient groups or inclusion crteniae used for control subjects. The REE will be 
expected to increase during acute phase of the disease. Chest infection is common in 
COPD patients and if measurements were made shortly after they recovered, a higher 
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REE would be expected. In addition, a number of drugs were known to raise the REE 
after administration, including P-agonists, which are commonly prescribed in COPD 
patients, p-agonists induced a 10% increase in REE for up to 4 hours after 
administration. Therefore, we specifically postponed drug administration after 
completion of REE measurement to avoid the drug effect. However, this precaution 
was not reported in some studies [Hugli et al., 1996; Schols et al., 1991; Vermeeren 
et al., 1997]. 
5.4. Diet-Induced Thermogenesis (DIT) 
There was also no increase in DIT in COPD patients because the ratio of post-
prandial energy expenditure to measured BMR was 1.1. DIT corresponding to a 10% 
increase of REE, was observed in normal subjects and was used as a normal level of 
DIT. Similar finding was also reported by Hugli and co-workers [1993], in which 
DIT of COPD patients was not higher than control. 
5.5. Total Daily Energy Expenditure (TEE) 
There was no significant difference in TEE between COPD patients and control 
group. PAL of COPD patients was not significantly increased. PAL in COPD 
patients was 1.5 on resting day and 1.6 on exercise day. Both values were within the 
range of 1.5 to 1.7, found in moderately active healthy individuals undertaking light 
to moderate occupational activity, reported by recent government report and Food 
and Agriculture Organization (FAO)/ World Health Organization (WHO)/ United 
Nations University (UNU) [Gibney et al., 1997; Poehlman, 1993; Sone, 1995; Visser 
et al., 1995]. A similar level of PAL was reported in healthy elderly [Fuller et al., 
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1996]. This result also agreed with the result of two other studies [Baarends et al., 
1997a; Hugli et al., 1996] in which PAL in COPD patients was around 1.5. However, 
Baarends et al. [1997b] reported a PAL of 1.7 in a group of normoweight COPD 
patients. But this increase in PAL was not found in their follow-up study [Baarends 
et al., 1997a]. 
5.6. Caloric Balance 
Among the eight patients, in whom their TEE and caloric intake were determined in 
details, a negative caloric balance of 362.5 Kcal/day was found in Part B of the study 
{Table 2-10). This result implied that COPD patients admitted in the hospital might 
have negative caloric balance. A caloric balance was also found in five control 
subjects studied in Part B. It could be related to their poor appetite after admission. 
A similar level of caloric deficit was determined from the 52 patients studied in Part 
A of the study, where their caloric balances were determined by dietary recall and 
estimated TEE. The mean estimated total daily energy expenditure in 52 COPD 
patients was 1608.9 士 197.6 Kcal/day, but the mean caloric intake in these patients 
was 1380.8 土 492.0 Kcal/day. Therefore, a negative energy balance of -228.1 
Kcal/day was found. 
The data indicated that the major factor accounting for a negative energy balance in 
COPD patients, was a lower caloric intake rather than an increase in energy 
expenditure. A prolonged negative energy balance of 200 to 300 Kcal/day will 
contribute to weight loss in these patients. The pattern of weight loss during the first 
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phase of caloric deficiency is associated with a preferential loss of fat mass, with a 
preservation of fat-free mass. This pattern of anthropometry change is found in 
COPD patients in this study. This was also supported by the Mini Nutritional 
Assessment Questionnaire. Nearly 61.1% of COPD patients could be classified as 
malnourished or at risk of malnutrition based on this questionnaire only. 
The reasons accounting for a poor caloric intake in COPD patients are uncertain. The 
burden of disease might be one of the factors accounting for the decrease in food 
intake in COPD patients. Chewing and swallowing may change the breathing pattern 
and cause the gastric upset and nausea which may compromise their already failing 
lung function in these patients [Muers and Green, 1993; Olsen-Noll and Bosworth, 
1989]. In general, aging process in COPD patients might accelerate the reduction of 
food intake in them. Anorexia and early satiety were commonly reported by our 
patients which were associated with changes in gastrointestinal tract that were 
associated with aging [Rolls et al., 1995]. Furthermore, limited capacity for physical 
activity might decrease the food intake in COPD patients. Kendrick et al. [1994] had 
pointed out that physical inactivity might result in lack of appetite in elderly. 
Therefore, many socio-phychological factors may be involved, in addition to physical 
discomfort after full feeding, to account for a poor oral intake. Some of them might 
require assistance with shopping and feeding, and even food preparation which may 
further decrease their food intake. In addition, inadequate education of the 
importance of adequate food intake needs in these patients might be a factor in the 
lower caloric intake [Olsen-Noll and Bosworth, 1989]. 
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If the negative caloric balance in COPD patients is further prolonged, they will start 
to lose their body fat when malnutrition progress in severity, FFM will also be lost in 
a later stage. Loss of FFM will have adverse effects on the thoracopulmonary 
function by impairment of respiratory muscle function, ventilatory drive, and 
pulmonary defense mechanisms [Pingleton and Harmon, 1987]. 
A detailed dietary history is required in identifying who had a poor caloric intake. It 
will be more practical clinically, to have a clinical indicator to identify these patients 
at a high risk of malnutrition. In order to determine which clinical indicator would be 
useful for identifying those patient at high risk of developing malnutrition, 52 
patients in Part A of the study were subdivided into 2 groups; (i) those with a 
significant calories deficit and (ii) those without. We define a significant negative 
caloric balance as a caloric deficit of greater than or equal to -500 Kcal/day. 
Only the blood gases parameters were significantly different between these 2 groups 
of patients. Lower PaC02 and [HCO3"] in blood were found in COPD patients with a 
significant negative caloric balance. Although the peak flow rate (PFR) in patients 
with a significant negative caloric balance tended to be lower among patients without 
a significant negative caloric balance, it was not statistically significant. Mini 
Nutritional Assessment Questionnaire did not predict the caloric balance. Although 
current caloric balance was not related to anthropometry parameter, it was likely due 
to difference in anthropometry among COPD patients at the early phase of disease. 
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This result appeared in supportive of the classical description of blue bloater and pink 
puffer. Blue bloaters who have a CO2 retention and a high PaCO], have better 
nutritional status and are classically obese subjects. Pink puffers are typically thin 
and dyspnoeic who have a lower PaCO!. Blue bloaters are those with higher PaCOi 
and [HCO3-] than that in pink puffers. The better caloric balance in patients with 
higher PaCOi and [HCO3"] in our study, were in agreement with this classical 
description. The practical implication from this finding suggested that a close 
monitoring of anthropometry and dietary intake are required for COPD patients, 
especially for pink puffers. 
5.7. Limitations of this Study 
5.7.7. 24-hrs dietary recall 
The 24-hrs dietary recall method was used in the first part of our study as the means 
for assessment of dietary intake in COPD patients because the other methods had 
many practical limitations, especially when applied to elderly. Before using 24-hrs 
dietary recall method, other dietary assessment methods were also tried. However, 
both 7-day dietary recall and 3-day dietary recall methods were too hard for elderly to 
recall their dietary habit one week ago since all of them had poorer memory. 
Furthermore, a long interview might decrease the degree of cooperation from the 
patients. On the other hand, the use of food diary was not feasible in our patients due 
to the low level of education among them. In addition, food frequency method was 
also inappropriate due to the general nature of dietary assessment. So the 24-hrs 
dietary recall method appeared to be the most suitable method in this study. 
However, this method had a number of drawbacks. First, it may not be able to assess 
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accurately the individual's intake in long term because of the day-to-day variations. 
Even with the careful prompting from the interviewer, some COPD patients might 
not be able to recall accurately the diet. In addition, all dietary assessments based on 
the individuals supply-of-information are limited by the degree of truthfulness in the 
response [Ho et al., 1988]. So the recall must be done by a well trained interviewer, 
and it would provided the closest estimation of food intake. 
5.7.2. Bicarbonate-urea method 
Even though the bicarbonate-urea method was less expensive than the doubly-labeled 
water method, some limitations were encountered during the study. Firstly, the whole 
study had to be carried out in the hospital continuously for 3 days. Secondly, the 
subject needed to cany the portable minipump until the end of the study. It was 
inconvenient for taking bath and some other daily activities. Thirdly, even though the 
detailed explanation of our study had been given to the patients before the study, 
psychological stress might exist in some of our patients. 
5.7.3, Anthropometry of community healthy elderly 
Two sets of anthropometiy parameters were employed as the average anthropometiy 
of community healthy elderly, which provided the standard for comparison with 
COPD patients. Woo et al. [1988] report provided a detailed subgrouping by subjects 
age, therefore we could use the data from the subgroup of 70-74 years old. However, 
their data was reported 10 years ago. Therefore, the average anthropometry of elderly 
might change over this period. Nevertheless, it is believed that changes in average 
anthropometry would not be dramatic, as the nutrient supply in Hong Kong was 
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Stable over the past 10 years and no dramatic change in population anthropometry 
was reported in other age group. 
Results from a more recent anthropometry survey were also employed in the 
comparison [Leung et al” 1995]. These data were reported in 1995. However, the 
subgrouping of age were more broad for elderly, which were only grouped as greater 
than 55 years old. Although in that report, elderly up to 75 years old were included, 
subgrouping of this age range were not performed. It is well known that 
anthropometric status decreases gradually with age [Evans and Campbell, 1993; 
Morley, 1997]. 
5.8. Recommendations 
5.8.1, Anthropometry monitoring in COPD patients 
The weight and anthropometry must be assessed frequently and regularly in COPD 
patients in order to make sure no weight loss in these patients. For pink puffers, more 
frequent anthropometry monitoring plus dietary assessment must be used if weight 
loss occurs in these patients. 
5.8.2, Caloric supplements 
In order to compensate for the weight loss in these patients, some suggestions were 
provided. First, dietary supplement between meals might be an important approach to 
enhancing the energy intake in elderly people [Rolls et al., 1995]. Morley [1997] 
found that when given a liquid preloads 60 minutes before the next meal, COPD 
patients achieved a greater caloric intake. Moreover, it was showed that 
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malnourished COPD patients gained weight after caloric intake supplement. This 
weight gain was also associated with improvements in their muscle strength [Palange 
et al , 1995; Pingleton and Harmon, 1987; Ryan et al., 1993]. Nutritional repletion 
also improved diaphragmatic muscle contraction and elevated tissue adenosine 
triphosphate levels (ATP) [Pingleton and Harmon, 1987]. Since ventilatory drive and 
capacity were affected by nutritional status, which was dependent on nutritional 
intake in COPD patients, refeeding might improve ventilation. In addition, more time 
and small amount of meal may be suitable for these patients because increased 
carbon dioxide generation after a large meal might constitute a metabolic burden and 
accelerate respiratory failure in patients with limited ventilatory reserve [Ryan et al., 
1993]. Since the negative caloric balance in COPD patients was mainly due to 
reduction fat intake, fat-based caloric supplements should be an appropriate solution. 
5,8,3, Physical activity in COPD patients 
COPD patients in home or in old age hostel had lower physical activity level. The 
decrease in physical activity might be due to the changes in life-style, effects of their 
disease, or reduction in the physiologic capacity for exercise. Physical inactivity 
could contribute to the loss of FFM and decrease in respiratory muscle strength in 
these patients. The decreased respiratory muscle strength was further reduced 
because of mechanical factors and ineffectiveness of the respiratory muscles. 
Hyperinflation also caused shortening of inspiratory muscle so that the fibers were 
not at the optimal length-tension ratio [Bernard et al., 1998; Schols et al., 1993]. 
Schols and co-workers [1993] also pointed out that impairment of muscle function 
secondary to nutritional depletion might modify clinical and functional status in 
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several ways. The inspiratory muscle weakness might contribute to hypercapnia since 
it modifies the pattern of breathing toward smaller tidal volumes and higher 
respiratory rates. In addition, hypophosphatemia or decreased inorganic phosphate 
precursors might also be responsible for respiratory muscle weakness [Pingleton and 
Harmon, 1987]. The reduction of adenosine triphosphate (ATP) in peripheral and 
respiratory muscle in COPD patients might cause earlier onset of anaerobic 
glycolysis and cause earlier fatigue, ie. exercise intolerance [Palange et al., 1995]. 
Therefore，COPD patients should take some regular exercise activities that had been 
shown to increase LBM and food intake in elderly, because inactivity results in lack 
of appetite in elderly [Kendrick et al., 1994]. In addition, regular resistive exercise 
might improve the muscular strength and muscle mass which is beneficial to their 
disease [Feldman EB, 1997; Schols et al., 1993]. The most common physical activity 
among them was walking. Rehabilitation program also provide a moderate amount of 
exercise they needed and is not demanding in term of energy expenditure, as shown 
in this study and others [Casburi et al., 1997]. 
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6. CONCLUSIONS 
1 • A high proportion of elderly COPD patients are at risk of malnutrition. About 
30% of them were underweight (BMI < 18.5 kg/m^). 
2. Underweight is more common among male COPD patients. Loss of body fat 
accounted for their lower total weight. FFM was relatively better preserved. 
3. A negative caloric balance was found in many COPD patients (27% of COPD 
patients had an significant caloric deficit of greater than -500 Kcal/day). 
4. The low caloric intake was due to a low fat content in diet. Otherwise, intake of 
carbohydrates, protein and most micronutrients were adequate. 
5. A low PaCOi and low [HCOs'J may be clinically useful indicator in identification 
of patients at risk of malnutrition. 
6. No significant increase in REE and DIT were found in COPD patients undergo 
rehabilitation program. 
7. TEE and PAL were not markedly increased by rehabilitation program (PAL = 1.5 
raised to 1.6 from a resting day to exercise day). 
8. Rehabilitation program or COPD itself was not a high caloric demand in patients. 
Underweight in COPD patients were largely due to a low caloric intake. 
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8. APPENDIX I 
A. Calculation of Total Energy Expenditure (TEE) 
1. Calculation of the amount of bicarbonate solution infused (determined in 
term of weight) (Sample of calculation part A) 
Total bicarbonate infused (g) = (weight of pump plus cannula before infusion)(g) 
-(weight of pump plus cannula after iiifusion)(g) 
2. Calculation of rate of dpm infused into the subject's body (bicarbonate 
solution) (Sample of calculation part E) 
a) The infUsate solution remained in the bottle was counted its radioactivity 
Radioactivity of infusate (dpm/g) 
=specific activity of urea in infusate (dpm)/weight of inflisate used for 
radioactivity counting (g) 
b) Total dpm infused (dpm) into the subject's body 
=radioactivity of inflisate (dpm/g) x total bicarbonate solution infused (g) 
c) Rate of dpm infused (dprn/day) into the subject's body 
=Total dpm infused (dpm) + total time of infusion (mins) x 24 x 60 
3. Calculation of TEE per day (Sample of calculation part D) 
c) Determination of urine volume (ml) of 2 hours and 22 hours urine samples 
respectively. 
As volumetric determination of urine is problematic for whole day urine 
collection. Therefore the weight and density of urine collected is used to 
determine the exact urine volume. Weight of urine (g) was measured by electric 
balance with an accuracy up to 2 decimal places. Density of urine was 
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determined by the weight (g) of a 1 ml sample taken by a pipette with accuracy 
up to 10|il. 
b) Determination of urine urea concentration (mmol/L) in these two urine 
samples by service laboratory of PWH. 
c) Determination of specific activity (SA) of urea (dpm/mmol) in 2 hours and 
22 hours urine samples (Sample of calculation part DOS) 
A sample of urine (roughly 100-200 ml) is used for determination of specific 
activity of urea. The dissolved CO2 (included labeled CO2) has to be removed 
first before addition of urease, as those dissolved CO2 will add to the 
radioactivity count of subsequent hyamine absorption procedure. The removal 
of dissolved CO2 is done by connecting to a vacuum pump. After this step, a 
vial containing accurately weighed hyamine solution is put into a air-tight 
flask. The absorption capacity for CO2 by the hyamine solution was 
determined before (3.3.2. Methods - Part III - B(i) Titration of hyamine 
hydroxide solution). Then urease was added to release CO2 from urea in the 
urine sample. The exact amount of CO2 absorbed by hyamine (in term of 
mmol) was known. The CO2 saturated hyamine solution, as indicated by a 
change of color of the pH indicator, was then counted by scintillation count of 
radioactivity. As the CO2 was released from urine urea, the specific activity of 
CO2 absorbed by hyamine was equal to the specific activity of urea inside the 
urine sample. 
d) Hence, SA of urea in 24 hours urine sample can be obtained. 
e) 2 hour correction calculation (Sample of calculation part D(7I)� 
As urea pool size may change in the subjects. It may take up or release labeled 
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urea from the infused dose. For example, if the body urea pool increases 
while specific activity of urea is the same, more labeled urea is being trapped 
in the body part and results in a situation that apparently less label is excreted 
in the urine. Therefore a estimation of urea pool was performed every day 
from the calculated total water and plasma urea concentration. The change of 
the body urea pool multiplied by the specific activity of urea in urine 
(assuming that specific activity of urea in urine is equal to specific activity of 
urea in body pool) will provide the amount of label being trapped or released 
from the body urea pool. It was then subtracted from or added to the label 
(dpm) excreted over that period. 
(i) Calculation of total body water (TBW) (L) 
=2.447 - 0.09516 x age (yrs) + 10.74 x ht (m) + 0.3362 x wt (kg) 
(ii) Calculation of urea pool size (mmol) in a day by the following equation: 
Urea pool size = TBW x plasma urea +0.93 
(iii) Calculation of urea pool size (mmol) in the following day by the above 
equation. 
(iv) Adjustment of urine urea dpm can be obtained by the following equation: 
Amount of label being trapped and released from body urea pool (dpm) 
=(urea pool size in the following day x SA urea of 2 hours urine sample 
in the following day) - (urea pool size in a day x SA of urea of 2 
hours urine sample in a day) 
(v) Corrected SA of urea in 24 hours (dpm/mmol): 
=original calculated urea dpm in 24 hour urine sample + adjusted urine 
urea dpm) + total urea excretion in 24 hours (mmol) 
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J) Determination of 24 hour carbon dioxide (CO2) production (mol/day) 
{Sample of calculation part D(IIIJ) 
CO2 production (mmol/day) 
=(0.85 X 0.95 X Total dpm infused per day (dpm))/corrected SA of urea in 24 
hours 
CO2 production (mol/day) = CO2 production (mmol/day)/1000 
g) Determination of TEE (Kcal/day) (Sample of calculation part DdVS) 
Energy expenditure (MJ/day) = number of mole of CO2 produced x 504 
where 504 is energy equivalent to CO2. 
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9. APPENDIX II 
Equations 
1. Resting Energy Expenditure (REE) [from manual of indirect calorimetry]: 
REE (Kcal/day) = 5.50 x VO2 + 1.76 x VCO2 - 1.99 x UN 
where VO2 =02 consumption in ml/min (STPD) 
VCO2 = VCO2 production in ml/min (STPD) 
UN = Urinary nitrogen excretion in g/day 
2. Lipogenesis [Ferrannini, 1988]: 
Lipogenesis (g/day) = 2.4 x (VCO2 - VO2) + 1.92 x UN 
3. For (2) is positive, 
3.1 Carbohydrate oxidation (g/day) [Ferrannini, 1988]: 
=1.93 x(VC02-4.88 XUN) 
？>2 Protein oxidation (g/day) [Ferrannini, 1988]: 
二 4.43 X (V02 - VC02) + 2.71 x UN 
4. For (2) is negative, 
4.1 Carbohydrate oxidation (g/day) [Ferrannini, 1988]: 
=6.55 X VCO2 - 4.62 X VO2 -2.87 x UN 
4.2 Protein oxidation (g/day) [Ferrannini, 1988]: 
=6.25 X UN 
5. Harris-Benedicts，equation [from indirect calorimetry manual] 
BMR (Kcal/day) 二 655 + 9.6Wt (kg) + 1.8Ht (cm) - 4.7Age (yr) (for female) 
BMR (Kcal/day) = 66+ 13.8Wt (kg) + 5Ht (cm) - 6.8Age (yr) (for male) 
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6. Total Body Fat (TBF) [Woo et al , 1988] 
TBF (kg) = [(4.95/((C-M) x log skinfold))-4.50] x Body weight 
where C and M are regression-equation constants for the estimation of body 
density from the logarithm of skinfold thickness, C being 1.1185 for man and 
1.1226 for women, M being 0.0683 for men and 0.0710 for women; log skinfold 
is log (biceps + triceps skinfold thickness; mm). 
7. Fat-Free Mass (FFM) [Woo et al., 1988]: 
FFM (kg) = Body weight (kg) - Total body fat (kg) 
8. Arm-Muscle Circumference (AMC) [Woo et al., 1988]: 
AMC (cm) = MAC (cm) - (TT/IO) X Triceps skinfold thickness (mm) 
9. Activity related Energy Expenditure (AEE): 
AEE (Kcal/day) = Total energy expenditure (Kcal/day)- Resting energy 
expenditure (Kcal/day) 
10. Urea Pool Size [Elia et al., 1988]: 
Urea pool size (mmol/L) = Total body water (TBW) x Plasma urea 
0.93 
where TBW = 2.447 - 0.09516A (yr) + 10.74ht (m) +0.3362wt (kg) 
11. Food quotient (FQ) [Horswill et al., 1992; Toth et al., 1997]: 
FQ = [(1.00 X %carbohydrate) + (0.81 x %protein) + (0..71 x %fat) + (0.67 x 
%alcohol)]/100 
where each nutrient is expressed as the percentage of the total kilocalories 
consumed 
12. Body Mass Index (BMI) [Williams, 1994]: 
BMI (kgW) = Weight (kg) / Height squared (m^) 
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13. Urine urea nitrogen (UUN) [Page et al., 1994]: 
UUN (g/day) = Urine urea excretion (mol/day)/0.036 
14. Nitrogen output [Page et al , 1994]: 
Nitrogen output (g/day) = (UUN (g/day) + (2.0 x UUN (g/day)) + 2g) 
15. Nitrogen Balance (NB) [Page et al., 1994]: 
NB (g/day) = Protein nitrogen intake (g/day) _ Nitrogen output (g/day) 
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10. APPENDIX III 
Flow Calibration 
1. Turn power on and let the monitor run for at least 30 minutes to warm up. 
Connect a printer. 
2. If the ambient pressure is known accurately, perform pressure calibration. 
3. Perform gas calibration carefully. 
4. Select the following settings: 
a. Clear possible old results by pressing ‘END，. 
b. CANOPY mode. Press 'CHANGE MODE' key if necessary. 
c. Averaging OFF in 'Setup' menu. 
d. Artifact suppression OFF in 'setup' menu. 
e. Numeric printer output in 'setup' menu. 
1. Prepare a test setup as follows: 
； 1 1| § § § BAMPUUm T U l i 
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CANOPY HO珍E 
6. Using the pipette of the test kit, fill the alcohol burner vessel with 5 ml of 
ethanol. 
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7. Start the measurement by pressing 'START' key. Wait for 30 seconds. The actual 
measuring sequence will start (measurement time will restart from zero). 
8. Light up the alcohol and put on the cover. 
9. After approximately 20 minutes the flames will die by itself (NO BREATHING 
alarm will result). Wait until the VCO2 goes below 10 ml/min. 
10. Calculate the total amount of CO2 produced during the test by summing up all 
minute to minute VCO2 values on the printout. 
Alternative method: Press 'LONG TREND' key and read average VCO2 and the 
measurement time (excluding seconds). The total amount of COiproduced is the 
multiplication of these two quantities. When using this method it is important 
that both averaging and artifact suppression are OFF. 
11. Make sure that all alcohol has burned out. If not, repeat the test starting from step 
5. 
12. The new flow constant (adult) can be determined by the following formula: 
New flow = 1.03 X 3820 ml x old flow 
total CO2 in ml 
13. To adjust the flow constant and to read the old flow value enter ‘Factory Settings' 
menu by holding down softkey ‘ 1 ’ during power up. Move the cursor to line 
'Flow calibration' and press softkey '4' to start. 
14. If an adjustment greater than 4 liters per minute has been done, the test including 
gas calibrations should be repeated. 
15. Write the new flow constant in the calibration label on rear panel. 
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